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PREFACE. 


It  would  be  impossible,  within  the  limits  of  a  work 
like  this,  to  enumerate,  much  less  describe,  all  of  the 
various  discoveries  and  improvements  pertaining  to  the 
domain  of  science,  that  have  been  made  public  during 
the  past  year.  In  a  single  division,  that  relating  to  novel 
applications  of  science  to  industrial  purposes,  we  have 
no  less  than  thirteen  thousand  examples,  that  being  the 
number  of  patents  issued  for  new  inventions  in  this 
country  within  twelve  months ;  the  mere  catalogue 
whereof  would  more  than  fill  these  pages. 

The  aggregate  progress  and  development  made  in  the 
world  of  science  during  the  year  1871,  is  something 
wonderful  to  contemplate.  Its  complete  literature  would 
fill  hundreds  of  volumes.  From  this  literature  we  have 
compiled  a  few  of  the  leading  and  most  interesting  facts, 
with  illustrations  which  will  serve  to  give  some  general 
idea  of  the  advances  realized  during  the  period  specified  ; 
and  will,  in  other  respects  we  trust,  be  found  useful  and 
valuable  to  the  reader. 

Neav-York,  January  1,  1872. 


SCIENCE    RECORD 


EICHAED  JOEDAN  GATLING. 

[with  a  steel-plate  portrait.] 

Richard  Jordan  Gatling — the  inventor  of  the 
celebrated  revolving  battery  gun  which  bears  his 
name — was  born  in  Hertford  County,  N.  C,  the  12th 
day  of  September,  1818.  His  father  was  a  substan- 
tial, industrious  farmer,  a  man  of  great  energy  of 
character.  Although  a  slaveholder,  he  taught  his 
children  the  necessity  of  labor  and  economy  as  the 
surest  road  to  fortune.  When  but  a  lad,  the  subject 
of  this  sketch  assisted  his  father  in  the  invention  of  a 
machine  for  sowing  cotton ;  also  a  machine  designed 
for  thinning  cotton  plants.  He  received  a  primary 
education,  obtained  at  such  schools  as  were  near  his 
home.  When  about  fifteen  years  of  age,  he  wrote  in 
the  clerk's  office  of  the  county  for  one  year,  in  copy- 
ing records.  When  nineteen  years  of  age,  he  taught 
school  for  a  short  time,  and  at  twenty  years  of  age, 
he  engaged  in  merchandising,  which  -business  he  car- 
ried on  for  several  years,  during  which  time  he  in- 
vented the  propelling  wheel  now  used  in  ocean  steam- 
ers, and  took  a  model  of  the  same  to  Washington, 
with  a  view  of  obtaining  a  patent ;  but  on  his  arrival 
at  the  patent-office,  he  found  he  had  been  anticipated, 
the  same  thing  having  been  deposited  in  the  patent- 
office  some  time  previous.    He  returned  home,  greatly 
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disappointed  in  not  being  able  to  secure  a  patent  for 
so  valuable  an  invention.  Soon  after,  lie  invented 
and  patented  a  seed-sowing  machine,  designed  for 
sowing  rice.  In  1844,  lie  moved  to  St.  Louis,  Mo., 
and  engaged  in  business  as  a  clerk  in  a  drygoods 
store.  While  so  engaged,  he  employed  a  mechanic 
to  make  his  seed-sowing  machines  for  sowing  wheat 
in  drills,  and  for  which  he  found  ready  sale.  He 
abandoned  his  clerkship,  and  for  several  years  gave 
his  whole  time  to  the  improvement  and  sale  of  wheat- 
drills,  which  he  had  manufactured  at  various  places 
in  the  North-west.  "While  engaged  in  this  business, 
he  was  taken  with  the  small-pox  while  on  board  a 
steamer,  in  going  from  Cincinnati  to  Pittsburg; 
while  on  the  way,  the  boat  became  frozen  up  in  the 
ice,  whereat  remained  for  thirteen  days.  There  being 
no  physician  aboard,  he  came  very  near  dying  from 
neglect.  This  affliction  induced  him  to  study  medi- 
cine— not  with  the  view  of  practicing,  but  to  enable 
him  to  administer  to  himself  in  case  of  future  illness. 
He  accordingly  studied  medicine  for  several  years, 
during  which  time  he  attended  a  course  of  lectures  at 
the  Indiana  Medical  College,  then  located  at  Laporte, 
Ind.,  and  the  following  winter — 1848  and  1849 — 
attended  another  course  of  lectures  at  the  Ohio  Medi- 
cal College  at  Cincinnati,  and  in  this  way  acquired 
the  title  of  "  Doctor."  After  finishing  his  medical 
studies,  he  located  himself  in  Indianapolis,  Ind., 
where  he  engaged  in  real-estate  speculations  and  in 
railway  enterprises — aiding  in  the  construction  of  a 
number  of  the  railroads  leading  to  that  city  ;  in  the 
mean  time  giving  much  of  his  time  to  the  manufac- 
ture and  sale  of  wheat-drills.  He  was  the  first  man 
who  introduced  this  class  of  farm  implements  into  the 
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North-western  States.  He  strongly  advocated  the 
advantages  of  drilling  wheat  over  that  of  the  old 
mode  of  broadcast  sowing ;  and  he  did  more,  per- 
haps, than  any  other  living  man  to  introduce  drill 
culture  in  the  West,  and  in  other  parts  of  the  United 
States.  His  drills,  for  years,  took  many  medals  and 
prizes  awarded  to  this  class  of  machines  at  the  diffe- 
rent State  fairs. 

In  1849,  he  invented  a  method  of  transmitting 
power  from  one  locality  to  another — or  rather  distri- 
buting power  from  one  main  source  of  power,  (ob- 
tained either  from  steam  or  water,)  to  many  smaller 
powers,  through  the  medium  of  compressed  air  in 
pipes,  laid  under  ground,  as  water  or  ga  -pipes  are 
laid,  to  be  worked  or  used  in  driving  smaller  steam- 
engines.  He  tried  for  several  years  to  obtain  patents 
in  the  United  States  for  this  discovery,  but  was  de- 
feated, on  the  absurd  ground  that  his  was  a  discovery 
and  not  an  invention  !  Had  lie  been  abie  to  obtain  a 
patent  for  this  invention,  his  object  was  to  form  a 
company  to  supply  Pittsburg  and  other  cities  with  a 
cheap  and  safe  motive  power,  by  the  erection  of  a 
large  steam-engine  at  the  outskirts  of  the  city,  of 
several  thousand  horse-power,  and  using  the  power 
thus  obtained,  in  compressing  air  in  main  pipes,  (laid 
as  gas-pipes,  underground  and  through  the  city,)  to 
be  tapped  by  smaller  pipes  to  drive  small  engines  by 
compressed  air,  instead  of  by  steam.  By  such  a  dis- 
tribution of  power,  all  small  furnaces  and  coal  depo- 
sits used  for  driving  small  steam-engines,  he  thought, 
and  still  thinks,  could  be  dispensed  with,  and  thus  the 
risk  of  fire  and  insurance  would  be  lessened,  and  that 
the  power  so  obtained  and  supplied  would  be  cheaper 
to  those  using  small  powers,  than  the  old  or  present 
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way  of  each  factory  using  and  employing  its  own 
independent  steam-engine,  furnace,  engineers,  etc. 
For  the  want  of  the  protection  of  a  patent,  he  made 
no  more  further  expenditure  of  time  and  money  in 
getting  this  new  method  of  distributing  power  into 
practical  use. 

About  1850,  he  invented  a  double-acting  hemp- 
brake,  which  is  still  used  in  some  parts  of  the  West, 
for  breaking  hemp. 

In  the  year  1854,  he  married  Miss  Sanders,  the 
youngest  daughter  of  Dr.  John  H.  Sanders,  a  promi- 
nent practitioner  of  medicine  in  the  city  of  Indiana- 
polis, Ind.,  now  deceased. 

In  the  year  1857,  he  invented  a  steam-plow,  or 
earth -pulverizing  machine,  designed  to  be  propelled 
or  operated  by  combined  animal  and  steam  power ; 
but  ill-health,  and  the  low  price  of  grain  in  the  West 
at  the  time,  prevented  him  from  working  out  the  de- 
tails of  this  machine  to  practical  results. 

In  1861,  during  the  early  commencement  o  the 
war,  he  conceived  the  idea  of  making  a  machine-gun, 
which  would,  to  a  great  extent,  supersede  the  ne- 
cessity of  large  armies.  He  made  his  first  revolving 
battery  gun  in  the  city  of  Indianapolis,  Ind.,  and  in 
the  spring  of  1862  he  fired  it,  in  its  then  imperfect 
state,  over  two  hundred  shots  per  minute,  in  the  pre- 
sence of  many  army  officers  and  private  citizens.  In 
the  fall  of  the  same  year,  he  went  to  the  city  of  Cin- 
cinnati, O.,  and  had  a  battery  of  six  of  his  guns  made 
at  the  well-known  manufacturing  establishment  of 
Miles  Greenwood  &  Co. ;  but  about  the  time  the 
guns  were  completed,  the  factory  was  burned,  with  the 
guns,  subjecting  him  to  heavy  pecuniary  loss.  He 
then  had  twelve  of  his  guns  made  at  another  estab- 
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lishment  in  Cincinnati,  which  were  afterward  used 
by  General  Butler  in  repelling  rebel  attacks  made  on 
the  Union  forces  on  the  James  River  near  Richmond, 
Ya.  In  1865,  he  made  additional  improvements  in 
his  battery  gun,  test  trials  of  which  were  made  at 
Washington  the  same  year ;  and  in  1866,  he  had  his 
guns  made  at  the  Coopers'  Firearms  Manufacturing 
Company,  in  Philadelphia,  Pa. ;  and  thorough  test 
trials  were  made  with  it  at  the  Frankfort  Arsenal, 
Philadelphia,  and  subsequent  trials  were  also  made 
with  the  gun  at  Washington  and  Fortress  Monroe, 
and  which  proved  to  be  so  satisfactory  as  to  induce 
Mr.  Stanton,  then  Secretary  of  War,  and  General 
A.  B.  Dyer,  Chief  of  Ordnance,  to  adopt  the  arm  into 
the  service  ;  and  in  August,  1866,  an  order  was  given 
for  one  hundred  of  these  weapons,  fifty  of  one  inch, 
and  fifty  of  y/o  of  an  inch  calibre,  which  arms  were 
made  at  Colt's  Armory,  Hartford,  Ct.,  and  deli- 
vered in  1867.  Since  the  adoption  of  the  gun  by  the 
United  States  government,  Russia,  Turkey,  Hunga- 
ry, Egypt,  and  England  have  adopted  the  Gatling 
gun,  and  these  are  now  made  by  Colt's  Co.,  Hart- 
ford ;  by  Poget  &  Co.,  at  Yienna ;  and  by  Sir  W.  G. 
Armstrong  &  Co.,  at  Newcastle  on  the  Tyne,  Eng- 
gland.  The  inventor  of  this  remarkable  improvement 
in  fire-arms  has  devoted  ten  years  of  his  life  to  the 
perfection  of  the  invention,  and  has  spent  considera- 
ble time  abroad,  which  was  occupied  in  firing  and 
testing  his  gun  before  nearly  all  the  crowned  heads 
of  Europe. 

Dr.  Gatling  is  emphatically  a  self-made  man.  The 
State  of  North-Carolina  may  take  just  pride  in  his 
discoveries  and  achievements.  They  reflect  honor 
upon  the  American  name. 
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SCIENCE   KECOKD. 


GAT/LERTES  IN  THE   HET/L  GATE  ROCKS,   UNDER  THE   EAST   RIVER,    NEW-YORK. 


THE   GOVEKNMEOT  WOEKS   AT   HELL 
GATE. 

The  Dutch  schipper,  Adrian  Blok,  in  his  new-built 
yacht,  the  Onrust,  called  that  beautiful  passage, 
which  he  was  the  first  to  explore,  the  Hellegat 
Riviere,  after  a  branch  of  the  Scheldt  in  his  native 
Flanders.  This  was  in  1615,  six  years  after  Hudson 
discovered  the  great  river  which  now  bears  his  name. 

Fifty  years  after,  another  Englishman  wrote  a 
description  of  the  place  called  Hell  Gate,  "which 
being  a  narrow  passage,  there  runneth  a  violent  stream 
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both  upon  flood  and  ebb,  and  in  the  middle  lyeth 
some  islands  of  rocks  which  the  current  sets  so  vio- 
lently upon  that  it  threatens  present  shipwreck ;  and 
upon  the  flood  is  a  large  whirlpool  which  continually 
sends  forth  a 'hideous  roaring,  enough  to  affright  any 
stranger  from  passing  that  way,  and  to  wait  for  some 
Charon  to  conduct  him  through:  yet  to  those  who 
are  well  acquainted,  little  or  no  danger;  yet  a  place 
of  great  defense  against  any  enemy  coming  in  that 
way,  which  a  small  fortification  would  absolutely 
prevent." 

Through  the  main  ship-channel  the  water  runs 
from  two  to  two  and  a  half  miles  an  hour ;  through 
the  middle  channel,  from  four  to  seven  miles; 
through  the  eastern  channel,  about  three  miles. 
Off  Hallet's  Point  the  tide  sweeps  at  the  fearful  rate 
of  eight  or  nine  miles  an  hour ;  between  Shell  Drake 
Rock  and  Holme's  Rock,  from  four  to  eight  miles; 
below  Pot  Rock,  from  two  to  five.  Unless  favored 
with  a  commanding  breeze,  the  early  navigator  found 
it  impossible  to  control  his  vessel  when  once  fairly 
caught  in  these  furious  currents,  which  were  made 
ten-fold  more  perilous  by  cross-currents  and  countless 
circular  eddies  running  into  and  overlying  each 
other.  "  To  steer  a  vessel  through  these  intricate 
passages,  through  which  the  water  runs  with  such 
speed,  breaks  noisily  even  in  the  calmest  times  upon 
the  rocky  shores  and  islands,  and  whirls  in  a  thousand 
dizzying  eddies,  requires,"  says  the  government  sur- 
veyor, "  a  cool  head  and  a  steady  hand,  even  with  the 
superior  help  of  steam.  But  in  a  sailing  vessel  the 
greatest  skill  and  self-possession,  without  a  command- 
ing wind,  prove  in  sufficient  to  guard  against  certain 
danger."     More  harm  is  suffered  and  more  risks  in- 
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curred  here  in  a  space  of  2000  yards,  than  in  all  the 
rest  of  the  navigable  waters  this  side  of  New- York  to 
the  farthest  extremity  of  the  Sound.  Before  any 
improvement  was  made  in  the  channel,  a  thousand 
vessels  a  year  were  wrecked  or  seriously  damaged  by 
collision  with  its  projecting  rocks.  Even  now  it  is  no 
uncommon  thing  to  see  two  or  three  vessels  go  ashore 
or  come  to  grief  on  Frying-Pan,  Gridiron,  or  some 
other  of  its  treacherous  reefs,  in  the  course  of  a  sin- 
gle day. 

But  it  is  not  so  much  the  damage  done  to  the  light 
coasters  that  frequent  the  passage,  as  the  exclusion  of 
larger  craft  from  this  much-needed  entrance  to  the 
harbor  of  New- York,  that  make  the  bars  of  Hell 
Gate  so  hurtful  to  our  commerce.  The  fleets  of  ships 
and  steamers  that  do  our  European  carrying  trade 
are  now  compelled  to  enter  by  way  of  Sandy  Hook. 
The  approaches  to  this  entrance  are  stormy  and  peri- 
lous. The  entrance  is  obstructed  by  a  sand-bar,  over 
which  vessels  of  large  draught  can  not  cross  except  at 
high  tide,  causing  constant,  vexatious,  and  expensive 
delays.  The  inner  channel  is  crooked,  shallow,  and 
subject  to  shifting  shoals,  which  make  the  passage 
uncertain  and  troublesome,  if  not  dangerous.  It  was 
natural  that  the  master  minds  of  our  commercial  in- 
terests should  covet  the  shorter  and  safer  entrance 
through  the  Sound,  so  provokingly  barred  at  Hell 
Gate.  These  obstructions  once  removed,  a  hundred 
miles  of  exposure  to  a  dangerous  coast  would  be 
shunned  and  an  equal  distance  of  smooth  sailing 
gained ;  the  route  to  Europe  would  be  shortened  by 
fifty  miles;  the  tedious  waiting  for  high  water  at 
Sandy  Hook  would  be  avoided,  and  a  full  day's  time 
gained  on  every  voyage.     The  far-reaching  impor- 
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tance  of  tliese  advantages,  and  the  possible  effect  of 
them  on  the  future  of  the  city  and  country  are  simply 
incalculable. 

In  1851,  Mons.  Maillefert  submitted  to  the  Chamber 
of  Commerce  an  offer  to  remove  three  small  but 
dangerous  reefs — Pot  Rock,  Frying-Pan,  and  Way's 
Reef — for  the  sum  of  $15,000,  which  proposition  was 
formally  accepted  on  the  18th  of  June  following. 
His  plan  was  entirely  new.  He  dispensed  with  the 
slow  and  costly  process  of  drilling — a  process  that 
seemed  well-nigh  impracticable  in  the  furious  tides  of 
Hell  Gate — and  exploded  his  charges  against  instead 
of  within  the  rocks  to  be  broken  up.  When  ex- 
ploded in  open  air,  gunpowder,  it  is  well  known, 
flashes  upward  and  outward,  doing  little  or  no  harm 
to  bodies  beneath.  Under  water  the  action  is  differ- 
ent. The  superincumbent  stratum  offers  such  resist- 
ance to  the  passage  of  the  gas  evolved,  that  the  shock 
of  the  explosion  is  determined  in  all  directions,  mak- 
ing it  possible  to  shatter  subaqueous  rocks  by  surface 
concussion.  The  process  was  remarkably  simple,  and 
within  certain  limits  quite  successful.  The  first  blast 
was  made  on  Pot  Rock,  on  the  19th  of  August, 
knocking  off  some  four  feet  from  its  highest  projec- 
tion. Originally,  this  obstruction  rose  to  within 
eight  feet  of  the  surface  at  low  water,  and  stretched 
like  a  dam  across  the  Gate,  broadside  to  the  current, 
at  an  average  depth  of  ten  feet,  for  a  distance  of  130 
feet. 

Mons.  Maillefert's  operations  were  continued  inter- 
mittently, as  funds  were  forthcoming,  until  March 
26th,  1852,  when,  by  a  misplacing  of  battery  connec- 
tions, a  canister  of  powder  was  exploded  under  his 
boat,  instantly  killing  three  men  and  disabling  their 
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chief.  During  this  period  284  charges,  containing  in 
all  34,231  pounds  of  powder,  were  exploded  on  Pot 
Rock,  removing  IO5-  feet,  and  giving  a  depth  of  18J 
feet.  On  Frying-Pan  and  Way's  Reef,  240  charges, 
containing  nearly  27,926  pounds  of  powder,  were 
tired,  knocking  off  several  feet  from  each.  Six  dis- 
charges of  125  pounds  each  reduced  Shell  Drake  from 
8  to  17  feet.  A*  single  discharge  on  Bald-Headed 
Billy,  a  small  but  dangerous  boulder,  dry  at  low 
water,  was  sufficient  to  dislodge  it,  when  it  was  split 
by  drilling,  and  the  two  parts  separately  removed. 
Mons.  Maillefert  also  destroyed,  by  eight  discharges, 
two  other  small  rocks  in  the  neighborhood  of  Wool- 
sey's  Bath-House.  The  cost  of  these  operations  was 
about  $13,000,  a  small  sum  for  the  great  improvement 
effected  in  the  channel.  The  principal  result  came 
from  the  removal  of  the  projection  of  Pot  Rock. 
That  secured  a  safe  way  for  vessels  drawing  sixteen 
feet  of  water,  and  gave  such  increased  facility  for 
the  passage  of  the  rapid  flood-current  that  the  violent 
boiling  of  the  pot  was  greatly  reduced,  and  the 
destructive  whirlpool  almost  completely  disappeared. 

"  Hell  Gate  has  lost  its  terrors,"  was  the  jubilant 
report  of  Mons.  Maillefert  and  his  Danish  co-partner, 
Captain  Raasloff,  in  August,  1852,  adding  that  it 
might  be  made  the  safest  entrance  to  the  harbor  of 
New  York,  ".if  the  necessary  means  be  found  to 
continue  operations,  which,  from  the  very  outset,  have 
given  such  beautiful  and  important  results." 

Shortly  after  this  appeal,  an  appropriation  of 
$20,000  was  made  by  Congress  for  carrying  on  the 
work  under  the  supervision  of  Lieutenant  Bartlett, 
and  subsequently  of  Major  Fraser,  of  the  Engineer 
Corps.     This  fund  was  soqji  exhausted,  together  with 
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M  o  ii  s"'. 
Maine- 
fert's     pri- 
vate    capi- 
tal, and  the 
work  came 
o  an  end. 
¥h  en 
the     war 
was     oyer, 
the  conver- 
into  a  safe 
commerce     was 
again  demanded:    and   the   de- 
mand %as  so  urgent,  and  so  rea- 
sonable withal,  that  it  could  not 
be  denied. 

In  the  summer  of  1866,  Bre- 
vet Major-General  jNewtori  was 
assigned   by  the    War   Depart- 
mtjshkoom  drill.  ment  to  the  duty  of  examining 

these  obstructions,  with  a  view  to 
their  removal.  His  first  report  was  made  in  January, 
1867,  giving  elaborate  estimates  of  the  work  required 
to  make  the  channel  what  it  should  be — a  safe  pas- 
sage-way for  all  shipping,  not  a  mere  coaster's  channel. 
In  June,  1868,  an  appropriation  for  public  works 
for  rivers  and  harbors  was  agreed  to  in  Congress,  from 
which  an  allotment  of  $85,000  was  made  for  the 
needs  of  Hell  Gate.  The  lowest  bidder  was  Mr. 
Sidney  F.  Shelbourne,  of  New- York,  to  whom  the 
contract  was  awarded  in  October.  Mr.  Shelbourne 
proposed  to  do  the  work  by  drilling  and  blasting,  the 
machinery  to  be  placed  on  the  bottom  and  driven  by  a 
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steam-pump  placed  on  a  vessel  above.  The  rock  was  to 
be  pierced  by  a  rotating  diamond  drill  driven  by  a  small 
turbine  wheel  inclosed  in  a  turtle-shaped  chamber, 
blasted  by  charges  of  nitro-glycerine,  and  the  debris 
removed  by  a  grappling  machine.  The  current  of 
water  by  which  the  first  drill  was  driven  did  not  give 
'  power  enough  on  trial,  and  the  drill  was  abandoned  for  ( 
a  larger  one — the  "  Mushroom,"  of  similar  construction, 
driven  by  steam.  This  drill  was  tried  with  partial 
success  on  Frying-Pan,  but  it  proved  too  delicate  and 
uncertain  of  continuous  action  under  the  trying  re- 
quirements of  the  rough  work  at  Hell  Gate,  and  one 
of  entirely  different  construction  was  substituted. 

DISASTER    TO    THE^SHELBOTTRNE    DRILL. 

This  new  machine  was  35  feet  high,  27  feet  in  diame- 
ter at  the  base,  and  weighed  28  tons.  The  drilling  en  ■ 
gine  was  above  water,  the  rock  being  pierced  by  the 
continual  falling  of  a  heavy  drill-bar.  The  prelimi- 
nary trial  of  this  drill  was  entirely  successful.  When 
placed  on  Frying-Pan,  it  stood  firmly  on  the  rock, 
unmoved  by  the  current,  until  the  necessary  prepara- 
tions were  made  for  putting  it  in  operation.  But 
that  very  day  it  was  run  down  by  a  brig,  a  tug,  and  a 
canal-boat,  and  completely  demolished.  The  time  of 
Mr.  Shelbourne's  contract  had  been  twice  extended. 
As  the  final  period  expired  three  days  after  the 
destruction  of  the  last  drill,  no  application  for  re- 
newal was  made.  Mr.  Shelbourne  had  labored  faith- 
fully and  well;  but  luck  was  against  him,  his  last 
misfortune  leaving  him  some  twenty  thousand  dol- 
lars out  of  pocket,  and  the  public  so  much  the  richer 
for  the  experiments  he  had  made. 

While  these  unsuccessful  but  not  fruitless  experi- 
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ments  were  making,  the  general  in  charge  became 
convinced  that  the  work  could  be  done  more  econo- 
mically if  conducted  directly  on  behalf  of  the  gov- 
ernment. 
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The  removal  of  Hallett's  Point  was  the  largest  and 
most  pressing  operation  thus  far  authorized.  This 
point  projects  three  hundred  feet  into  the  stream  in 
such  a  way  as  to  throw  the  Sound  tide  straight  upon 
the  Gridiron,  over  which  it  breaks  with  destructive 
violence. 

The  only  feasible  plan  of  operation  was  to  work 
from  the  shore  by  sinking  a  shaft,  out  of  the  way  of 
shipping,  and,  after  undermining  the  reef  with  radiat- 
ing headings  connected  by  concentric  galleries,  and 
removing  all  the  rock  that  could  be  safely  taken  out, 
blow  up  the  roof  and  its  supporting  columns  at  a  sin- 
gle explosion,  the  debris  to  be  either  buried  in  the 
excavation  or  removed  by  grappling,  as  might  be 
most  economical. 

This  plan  had  the  advantage  of  being  known  and 
tried.  The  only  risk  was  the  possible  flooding  of  the 
mine  through  fissures  in  the  roof;  but  even  if  such 
an  accident  should  occur,  and  the  completion  of  the 
work  by  dry  blasting  prevented,  every  foot  of  rock 
taken  out  would  be  so  much  gained ;  and  what  re- 
mained could  be  removed  without  increased  difficulty 
by  whatever  process  might  be  adopted  for  the  removal 
of  the  channel  rocks. 

The  first  step  was  to  construct  between  high  and 
low  water  around  the  mouth  of  the  proposed  shaft  a 
strong  coffer-dam,  310  feet  in  length,  extending  along 
four  sides  of  an  irregular  pentagon,  the  fifth,  or  shore 
line,  of  which  was  about  145  feet.  This  dam,  con- 
sisting of  a  double  shield  of  heavy  timbers  securely 
fastened  to  the  rocks  by  bolts  passing  through  the 
structure,  the  space  between  the  walls  filled  water- 
tight with  sand  and  clay,  was  completed  and  pumped 
out,  so  that  operations  could  be  begun  in  the  interior. 
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The  place  is  well  worth  visiting.  A  slender  cause- 
war  leads  to  it  across  the  salt-marsh  back  of  the 
Point. 
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The  Superintendent,  Mr.  G-.  C.  Reitheimer,  (whose 
operations  at  Holy  Head  and  elsewhere  have  given 
him  a  world-wide  reputation  as  a  mining  engineer,) 
supplies  the  information  desired,  exhibits  a  plan  of 
the  work,  explains  its  scope  and  purpose,  and  enlarges 
upon  the  peculiar  difficulties  and  interesting  features 
of  the  undertaking. 

Will  we  go  down  ? 

Our  gesticulating  friend  stops  a  descending  car,  we 
step  over  its  shallow  sides,  and  clinging  to  the  chains, 
are  swung  over  the  depths.  Emulating  the  noncha- 
lance of  our  conductor,  we  look  about  us,  and  soon 
begin  to  enjoy  the  novel  motion.  The  moment  we 
touch  bottom,  a  swarm  of  grimy  and  dripping  miners 
rush  from  the  headings  and  make  for  the  car.  A  lot 
of  freshly-sharpened  drills  came  down  with  us,  and 
for  these  the  miners  are  speedily  pushing  and  scram- 
bling, like  school-boys  after  a  foot-ball. 

•"  All  our  work  is  done  by  the  day,"  the  superin- 
dent  explains ;  "  and  as  a  day's  work  means  so  many 
feet  forward  for  each  man,  according  to  the  nature  of 
the  rock,  the  possession  of  sharp  tools  is  a  matter  of 
no  slight  moment." 

Below,  the  pit  seems  deeper  than  we  had  judged. 
From  the  bottom  of  the  coffer-dam  the  depth  is 
thirty-two  feet.  The  dam  adds  considerably  to  the 
heighten  the  water  side,  while  the  elevation  land- 
ward, and  the  platforms  atop,  make  the  real  depth  of 
the  pit  nearer  fifty  feet.  The  rock  is  mainly  a  dark 
hornblendic  gneiss.  The  dripping  water  stripes  it 
with  the  vivid  green  of  slimy  vegetation,  and  the 
rusty  yellow  of  iron-oxide,  on  which  the  sunlight 
produces  effects  that  would  delight  a  painter.  On 
the  west  the  rock  lies  in  horizontal  strata.     At  the 
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axis  of  the  reef — along  Grant  Heading — a  sudden 
twist  occurs,  beyond  which  to  the  eastward  the  strata 
are  vertical.     Several  of  the  headings  follow  strongly- 
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marked  lines  of  vertical  stratification,  greatly  reduc- 
ing the  cost  of  excavation,  and  securing  without 
effort  perpendicular  walls  as  regular  as  if  smoothed 
by  hand. 

We  pass  under  the  river,  following  first  the  head- 
ing that  prolongs  the  shore-line  eastward — Jackson 
Heading,  it  is  called.  Cornish  miners  are  as  little 
pleased  with  numerical  designations  as  the  most 
whimsical  labor  reformer.  For  their  satisfaction, 
each  heading  has  its  proper  name,  No.  1  being 
christened  in  honor  of  Farragut ;  the  others  in  order 
after  Madison,  Humphrey,  Hoffman,  Sherman,  Jef- 
ferson, Grant,  McClellan,  Franklin,  and  Jackson. 

Jackson  Heading  led  off  due  east.  For  a  while 
this  direction  was  maintained,  but  under  steadily  in- 
creasing difficulties.  The  rock  became  micaceous, 
seamy  and  full  of  iron,  causing  rapid  disintegration. 
Water  poured  in  through  fissures;  and  when  test- 
holes  were  driven  forward,  the  in-rushing  water  drove 
the  drills  from  the  miner's  hands,  and  spouted  forty 
feet  into  the  mine.  The  course  of  the  heading  had 
to  be  changed  ;  and  now,  to  keep  sufficient  strength 
of  rock  above,  the  miners  are  driving  the  heading 
several  feet  below  the  general  level  of  the  pit. 

As  the  headings  are  driven  forward,  they  are  con- 
nected by  transverse  galleries,  leaving  only  so  much 
rock  standing  in  columns  as  shall  insure  stability  to 
the  shell  above.  Dodging  as  we  may  the  water  that 
filters  through  from  the  river  overhead",  we  pass  from 
heading  to  heading  through  the  archways  of  the  gal- 
leries. The  alternations  of  bright  light  and  heavy 
shadow  make  the  view  through  these  galleries  pecu- 
liarly impressive.  The  effect  will  be  grand  indeed 
when  the  entire  reef  is  undermined. 
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From  the  extremities  of  the  headings  we  hear  the 
ringing  clink  of  hammers  and  drills,  keeping  time  to 
the  monotonous  chant  of  the  Cornish  miners,  the 
only  workmen  who  can  endure  the  discomforts  of 
mining  like  this.  They  are  seldom  dry  while  at 
work,  and  during  the  cold  weather  of  the  past  winter, 
their  clothing  was  often  sheeted  with  ice. 

The  drilling  has  thus  far  been  done  mainly  by 
hand,  but  preparations  are  now  making  for  the  em- 
ployment of  Burleigh  drills,  driven  by  compressed 
air,  in  connection  with  a  diamond  prospecting  drill. 

Mining  under  water  requires  peculiar  care.  Every 
inch  of  the  way  must  be  critically  explored.  The 
rock  at  Hell  Gate  contains  seams  of  decomposed 
mica,  through  which  the  water  is  pressed  as  through 
a  sieve.  In  Humphrey  Heading  (No.  3)  the  miners 
came  upon  a  horizontal  stratum  of  this  sort,  fourteen 
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feet  wide  and  two  feet  thick.  The  water  poured  in 
at  the  rate  of  six  hundred  gallons  a  minute,  and  be- 
fore the  flow  could  be  checked  the  workmen  stood 
waist-deep  in  water.  When  small  horizontal  fissures 
are  struck,  the, water  is  stopped  by  driving  in  wedges 
of  dry  wood.  Yertical  fissures  are  closed  with 
clay  thrown  in  at  low  water  over  the  seam.  Bags 
of  clay,  for  this  purpose,  are  piled  on  the  coffer- 
dam over  each  heading.  Sometimes  holes  are  drilled 
on  either  side  and  charged  with  a  slow-burning  "  car- 
bolic "  powder,  which  on  exploding  produces  a  strong 
and  steady  pressure,  and  closes  the  seam  without 
fracturing  the  rock.  In  the  case  of  ~No.  3,  none  of 
these  expedients  would  suffice.  A  strong  shield  had 
to  be  built  and  fitted  to  the  opening,  into  which  three 
hundred  weight  of  oakum  was  driven,  and  backed 
with  ten  barrels  of  Roman  cement.  The  heading 
was  then  carried  below  and  worked  by  "  gravity,"  as 
it  is  technically  called. 

The  floor  of  the  mine  follows  thus  far  a  level  about 
thirty  feet  below  low-water  line.  As  the  excavation 
approaches  the  outer  edge  of  the  reef,  the  headings 
will  have  to  be  sunk  deeper  to  preserve  the  requisite 
thickness  of  the  "crust."  Extra  steam-pumps  are 
now  being  put  in  to  remove  the  water  that  collects 
in  the  lower  levels.  The  roof  of  the  mine  Mlows 
necessarily  the  general  contour  of  the  reef.  To  de- 
termine this,  mere  soundings  of  the  ordinary  sort  are 
not  to  be  depended  on,  since  the  rock,  except  on  the 
crest  of  the  reef,  is  covered  by  a  deposit  of  boulders, 
marl,  and  organic  matter  from  the  city  sewers,  some- 
times to  the  depth  of  ten  or  twelve  feet.  As  the 
exact  profile  of  the  live  rock  above  each  heading 
must  be  known  before  the  miners  can  safely  proceed, 
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the  surveyor  and  his  assistants  are  kept  pretty  con- 
stantly employed.  Every  sounding — and  upwards  of 
15,000  have  been  made  up  to  the  time  of  this  writ- 
ing— requires  quite  a  series  of  careful  observations. 
The  sounding  apparatus  consists  of  a  float  supporting 
a  "guillotine  motion,"  by  which  a  three-inch  iron 
tube  is  driven  through  the  overlying  matter  to  the 
bed-rock,  by  a  weight  striking  like  a  pile-driver. 
After  the  contents  of  the  tube  have  been  pumped 
out,  the  surveyor  passes  in  an  iron  rod  to  determine 
the  nature  of  the  rock  hit  upon.  If  a  boulder,  a 
dull  thud  is  heard,  and  there  is  no  rebound  of  the 
rod.  Live-rock  returns  a  sharp  clink,  and  the  rod 
springs  back.  The  bearings  of  the  tube  are  then 
taken  by  instruments  at  twTo  fixed  points  on  the  shore, 
to  ascertain  the  exact  position  of  the  sounding ;  the 
tide-gauge  shows  the  level  of  the  water ;  and  a  few 
simple  measurements  determine  the  thickness  of  the 
superficial  deposit,  and  the  depth  of  the  rock  below 
low-water  line. 

The  work  goes  on  day  and  night.  The  miners  are 
divided  into  three  shifts,  each  working  eight  hours  a  ■ 
day,  so  that  three  days'  work  is  accomplished  every 
twenty-four  hours.  About  two  hundred  men  are 
employed  in  all.  Good  wTages  are  paid,  and  to  insure 
a  fair  day's  work  from  every  man,  miners  using  one- 
hand  tools — holding  the  drill-bar  in  one  hand  and 
striking  with  the  other — are  expected  to  furnish  five 
feet  gauging  at  a  shift,  in  average  rock.  For  second- 
size  tools,  worked  by  two  men  on  face  or  bench,  seven 
feet  are  required ;  and  an  equal  depth  for  third-size 
tools,  worked  by  three  men.  This  is  the  general 
standard,  the  exact  amount  being  graded  from  day  to 
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THE   SHAFT,   LOOKING  EAST. 


day,  according  to  the  density  and   hardness  of  the 
rock,  which  varies  considerably. 

From  eight  to  twelve  drills  are  blunted  in  sinking  a 
one-and-a-half  inch  hole  one  foot  in  the  softer  mica- 
ceous  rock;    in   gneiss   of   medinm   hardness,   from 
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twelve  to  twenty  drills  are  required  per  foot ;  and  in 
the  hardest,  from  twenty  to  twenty-six.  All  the 
drills  are  made  and  repaired  on  the  premises. 

While  we  are  watching  the  work,  the  strikers  lay 
aside  their  sledges  and  prepare  for  a  blast.  Cartridges 
are  distributed,  placed,  and  tamped  with  wet  clay. 
Meanwhile  the  stagings  are  removed,  tools  are  put 
into  sheltered  places  out  of  the  way  of  flying  rock, 
and  the  tramways  are  covered  with  scantling.  The 
captain  of  the  adits  sees  that  every  thing  is  ready. 
The  mine  is  vacated,  and  as  it  is  time  for  the  mid- 
day shift,  the  most  of  the  miners  scramble  up  the 
huge  ladder,  two  or  three  abreast,  rejoicing  that  their 
day's  work  is  done. 

"All  ready !"  shouts  the  captain,  who  with  a  small 
firing  party  has  staid  below.  The  gong  sounds, 
and  all  hands  retire  to  places  of  safety.  A  moment's 
silence,  then  a  series  of  reverberating  discharges  fol- 
low, with  a  perceptible  interval  between  each  dis- 
charge, and  the  crash  of  falling  rock.  A  second 
period  of  silence  succeeds  while  the  fuses  are  lighted 
in  the  heading  in  which  the  firing  party  had  taken 
refuge;  then  another  series  of  explosions,  and  the 
cry,  "All  is  over !"  comes  up  through  the  wreathing 
smoke. 

The  usual  charges  are  two  ounces  of  nitro-glyce- 
rine.  Dynamite  was  used  for  a  time,  but  the  detona- 
tion was  found  to  be  too  great,  the  effect  being  to 
start  the  seams  in  the  river-bed  above,  and  threaten 
the  flooding  of  the  mine.  The  electric  exploder  is 
used  only  when  a  simultaneous  firing  of  a  large  num- 
ber of  charges  is  desired ;  for  example,  in  cutting  the 
archways  of  the  galleries.  In  case  of  a  misfire,  a 
new  hole  is  drilled  by  the  side  of  the  old  one,  the  dis- 
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turbing  of  a  charge  when 
once  placed  being  posi- 
tively prohibited. 

The    only  serions   ac- 
cident that  has  occurred 
came  through  a  disobe- 
dience of  this  order.     A  J 
miner  thought  it  would  P 
be  cheaper  to  clear  out   8 
an  old  hole  than  to  drill 
a  new  one.      His  rash-   | 
ness  cost  him  an  arm  and   |  m 
other  injuries,  which  ef-    8,  3 
f  ectually  prevented  his   |  § 
repeating     the     experi-   gl 
ment. 

All  the  cartridges  are 
made  and  filled  on  the   g 
spot,  and  only  so  much   1 
explosive  material  as  is   3 
required    from    day   to   £ 
day  is    kept    on    hand.    | 
The   "Laboratory,"  ex-   g 
temporized  from  an  old   ** 
boat-house,  stands  apart. 
A    bench   covered  with 
dry    plaster-of-Paris    to 
render    Inert   any   acci- 
dental  drops    of    nitro- 
glycerine, an  ice-box,  a 

few  cans,  a  quantity  of  cartridge-cases,  made  of  stout 
manilla  paper  coated  with  a  water-tight  composi- 
tion, and  some  simple  chemical  apparatus,  complete 
the  furniture. 


P  q 
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We  wish  to  see  what  a  little  of  the  harmless-look- 
ing compound  can  do. 

A  few  spoonfuls  are  put  into  a  paper  bag,  a  fuse 
is  inserted  and  lighted,  and  our  accommodating  mani- 
pulator of  liquid  destruction  walks  deliberately  along 
the  tramway  and  lays  his  "  charge "  on  a  block  of 
gneiss.  A  minute  after,  a  bright  flash  is  followed  by 
a  sharp  detonation,  and  fragments  of  the  rock  are 
seen  flying  in  all  directions.  Part  of  the  stone  is 
literally  ground  to  powder,  as  though  struck  with  the 
hammer  of  Thor. 

Gunpowder  exploded  thus  loosely  in  the  open  air 
would  have  no  effect  on  the  rock.  Its  combustion  is 
comparatively  slow,  and  the  gas  evolved  finds  easy 
escape  through  the  air.  Not  so  with  nitro-glycerine. 
Its  decomposition  is  instantaneous,  and  the  volume  of 
gas  so  great  that  the  air  reacts  almost  as  though  it 
were  solid. 

As  soon  as  Congress  makes  the  requisite  appropria- 
tion, the  obstructions  lying  between  Eastern  and 
Middle  Channel,  and  coveriDg  an  area  of  about  ten 
acres,  will  be  attacked  on  the  same  general  plan  as 
the  work  at  Hallett's  Point.  Two  shafts  will  pro- 
bably be  sunk :  one  from  the  surface  of  Flood  Rock, 
now  occupied  by  a  powder-magazine ;  the  other 
through,  the  water  on  the  Gridiron,  Rve  or  six  hun- 
dred feet  distant.  These  shafts  will  be  connected  by 
a  grand  tunnel,  from  which  headings  will  be  run  to 
the  extremities  of  the  reef.  The  removal  of  this 
grand  obstruction  will  give  the  deepest-draught  ves- 
sels an  easy  entrance  twelve  hundred  feet  wide. 

For  the  removal  of  the  smaller  channel  rocks,  too 
far  out  to  be  reached  by  tunneling  from  the  shore, 
and  swept  by  currents  too  powerful  to  allow  the  sink- 
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ing  of  a  caisson,  a  special  and  entirely  novel  appara- 
tus had  to  be  invented  by  General  Newton. 


BATTERT,  CARTRIDGES,  CONDUCTING  CABLE,  ETC. 

To  witness  tlie  operation  of  this  unique  machine, 
we  shall  have  to  leave  the  modern  Hell  Gate  for  that 
part  of  the  stream  which  first  received  the  name — 
the  western  extremity  of  East  River. 

Lying  in  the  channel  between  Governor's  Island 
and  the  Battery  is  a  bed  of  rock,  366  feet  long  and 
255  feet  broad  at  its  widest  part,  known  as  Diamond 
Reef.  Farther  up  the  stream,  about  two  hundred 
yards  from  Pier  8,  is  Coen tie's  Reef,  mainly  loose 
rock,  250  feet  long,  with  a  maximum  width  of  130 
feet.  These  obstructions  lie  in  the  busiest  part  of 
the  harbor,  directly  in  the  track  of    the    numerous 
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ferry-boats  plying  between  New- York  and  Brooklyn, 
and  are  not  only  troublesome,  but  -very  dangerous, 


READY  TO   GO  DOWN. 


especially  at  low  water.  Their  removal  has  long 
been  demanded  by  the  merchants  and  ship-owners  of 
the  city,  the  growing  needs  of  this  part  of  the  chan- 
nel making  its  clearing  not  less  urgent  than  the  im- 
provement of  Hell  Gate. 

With  a  pass  from  Headquarters  we  signal  the  scow 
as  she  lies  on  Coentie's  Beef ,  whither  she  was  towe*d 
in  the  early  part  of  June,  after  a  month's  successful 
operation  on  Diamond  Reef. 
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Fortunately,  the  superintendent,  Mr.  Pearce,  is 
just  leaving  the  pier  to  go  aboard.  The  wind  is 
high,  and 
the  tide 
will  not 
wait  for 
ceremo- 
ny. None 
is  needed. 
Men  of 
the-  open 
air,  whose 

lives  are  spent  in  daily  conflict 
with  the  elements,  acquire  a 
breezy,  off-hand  affability  that 
wastes  no  time  on  idle  formalities. 

"  Just  in  time  to  see  a  blast : 
jump  in!"  and  the  outstretched 
hand  gives  a  hearty  grasp  as  it 
steadies  us  to  a  seat  in  the  light 
skiff  that  dances  on  the  swells. 

Five  minutes'  vigorous  rowing 
— the  tide  runs  like  a  mill-race, 
and  progress  is  slow — brings  us 
to  the  scow,  a  dark,  low- lying,  box-like  craft,  with  a 
confusion  of  timbers,  ropes,  chains,  and  machinery, 
surrounding  a  huge  dome  in  the  centre. 
.  *  We  have  just  completed  a  round  of  holes,"  the 
superintendent  remarks,  "  and  have  hauled  off  the 
reef  to  put  in  the  charges.  When  the  drills  are  work- 
ing, the  dome  is  down  out  of  sight,  and  the  machinery 
that  now  seems  '  all  in  a  heap  '  is  ranged  in  order, 
level  with  the  deck." 

Stepping  on   board,  the  broad  dimensions  of  the 


PUTTING   IN   THE  CHARGES. 
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scow  seem  less  surprising  than  its  immobility.  The 
heavy  swells  from  a  passing  steamer  strike  its  side 
as  against  a  wharf.  Its  massive  anchors  would  hold 
it  taut  even  if  struck  by  the  steamer  herself,  while 
its  solid  structure  and  projecting  guards  would  make 
the  collision  a  serious  matter  to  the  steamer. 

The  general  plan  of  the  scow  is  quickly  seen  and 
comprehended.  Its  purpose  is  to  guard  the  drilling 
machinery  while  at  work,  to  transport  it  from  place 
to  place,  and  to  support  the  engines  for  running 
the  drills.  In  the  centre  is  an  octagonal  well,  thirty- 
two  feet  in  diameter,  in  which  is  suspended  a 
wrought-iron  dome  for  protecting  the  divers.  At 
the  top  of  the  dome  is  a  "  telescope,"  twelve  feet  in 
diameter,  with  a  rise  and  fall  of  six  feet  to  adapt  its 
height  to  the  various  stages  of  the  tide.  When  the 
dome  is  in  working  position,  it  stands  clear  of  the 
scow,  resting  on  self-adjusting  legs  which  adapt  them- 
selves to  the  inequalities  of  the  reef.  The  drilling 
engines,  nine  in  number,  are  supported  by  movable 
bridges — thrown  back  when  the  dome  is  up — the 
drill-bars  working  within  stout  iron  tubes  passing 
through  the  dome,  one  at  the  centre,  the  others 
ranged  in  a  circle  about  twenty  feet  in  diameter. 

When  down,  the  dome  rests  on  the  bottom  as  near- 
ly as  the  contour  of  the  reef  will  permit,  and  serves 
to  break  the  force  of  the  current,  so  that  the  divers 
can  go  down  at  any  stage  of  the  tide  to  regulate  the 
motion  of  the  drills  or  to  repair  any  damages  that 
may  occur  to  them.  Without  this  protection,  the 
divers  could  not  maintain  their  position  under  water 
except  daring  the  brief  periods  of  slack  water.  The 
drilling  engines  are  run  by  steam  from  a  52-inch  lo- 
comotive tubular  boiler,  which  also  furnishes  steam 
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for  the  four  engines  for  hoisting  and  lowering  the 
dome.  The  devices  for  regulating  the  "  feed  "  of  the 
drills,  and  their  adjustment  so  as  to  work  steadily  in 
spite  of  the  rising  and  falling  of  the  engines  with  the 
tide  and  independent  of  the  unavoidable  swaying  of 
the  scow  by  heavy  swells  or  collisions,  are  extremely 
ingenious  and  successful.  The  rock  is  pierced  by  the 
dropping  stroke  of  the  heavy  drill-bars,  falling  six- 
teen inches  clear,  and  penetrating  from  six  inches  to 
two  feet  an  hour,  according  to  the  hardness  of  the 
rock. 

While  we  are  gathering  these  facts,  the  little  Shoo 
Fly  arrives  from  the  nitro-glycerine  factory,  towing 
a  small  boat  which  flies  the  red  flag  of  danger.  The 
boat  contains  the  explosive  to  be  used  in  the  ap- 
proaching blast. 

"  Tide  turns  in  half  an  hour,"  reports  the  diver. 
The  tide,  in  his  affairs,  must  be  taken  at  the  slack, 
and  he  is  anxious  to  be  on  the  spot  for  timely  opera- 
tion. 

The  float  has  already  been  hauled  alongside  the 
scow.  The  air-pump  and  the  diver's  armor  are  put 
on  board.  The  electric  battery  with  its  conducting 
cable  follows,  together  with  the  lantern  for  warming 
the  rubber  to  be  used  in  insulating  the  connection  of 
the  exploders  with  each  other  and  with  the  battery 
cable.  The  cartridge-cases,  tin  cans  like  mammoth 
candle-moulds,  ten  feet  long  and  from  four  to  ^.ye 
inches  in  diameter,  complete  the  requirements  for 
putting  down  and  firing  the  blast.  As  we  wish  to 
witness  the  operation  closely,  we  will  risk  the  certain 
headache  that  nitro-glycerine  gives  to  those  who  are 
not  used  to  handling  it,  and  the  possibility  of  an  un- 
timely .explosion   that  may  leave  us  no  head  to  ache, 
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and  accompany  those  who  are  to  take  part  in  the 
work. 

While  the  scow  was  in  position  on  the  reef,  the 
holes  that  had  been  drilled  were  closed  to  keep  out 
silt,  and  to  the  cords  connecting  the  pings  a  line  was 
attached,  to  serve  as  a  guide  to  the  place  when  the 
time  should  come  for  putting  in  the  charges.  Hold- 
ing this  guide-line,  the  captain  of  the  float  gives  the 
order  for  hauling  the  float  to  the  point  of  operation 
on  the  reef.  The  tide  is  still  running  swiftly. 
Heavy  swells  roll  in  from  the  lower  harbor,  and  are 
cross-hatched  by  waves  from  passing  steamers,  giving 
the  little  craft  a  jerky  motion  somewhat  trying  to  a 
landsman's  legs.  Half  a  dozen  stout  seamen  make 
the  patent  capstan  spin  round  like  a  whirligig,  steadily 
widening  the  distance  between  us  and  the  scow,  while 
orders  that  none  but-  sailors  understand  are  shouted 
back  and  forth.  Suddenly  the  hauling  ceases  and 
the  shouting  is  redoubled. 

"  The  guide-rope's  fouled." 

All  attempts  to  clear  it  prove  fruitless,  and  the  or- 
der is  given  for  the  diver  to  make  ready  to  go  down. 
Hastily  the  close-fitting  rubber  suit  is  drawn  on  and 
fastened  with  thumb-screws  to  the  metal  shoulder- 
piece.  Canvas  overalls  are  donned  for  the  protection 
of  the  armor;  and  while  one  man  buckles  on  the 
clumsy  shoes,  weighted  with  fifteen  pounds  of  lead 
apiece,  another  fastens  the  heavy  sinkers  "  fore  and 
aft."  Then  the  pot-like  helmet  is  screwed  on,  after 
giving  each  window  a  dab  of  vinegar  to  keep  it  clear ; 
a  few  turns  are  given  to  the  air-pump,  to  see  that  all 
is  working  well,  and  Captain  Quinn  is  ready  to  go 
down.  In  a  moment  he  is  swung  overboard  with  a 
splash,  and  a  stream  of  bubbles  marks  his  progress 
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along  the  guide-rope  to  the  point  of  fouling.  Soon 
he  signals  to  be  hauled  in  ;  and  before  the  front  win- 
dow of  his  helmet  is  unscrewed,  so  that  he  can  ex- 
plain how  the  rope  had  caught  under  a  loose  rock 
thrown  up  at  a  preceding  blast,  the  capstan  is  at 
work  and  the  float  is  drawing  near  its  destination. 
Not  a  moment  is  to  be  lost,  for  th,e  period  of  slack- 
water,  short  at  best,  has  been  seriously  encroached 
upon  by  the  delay. 


MAKING  NITROGLYCERINE. 


Glycerine  Jack  is  ordered  up  with  his  dangerous 
cargo,  and  by  the  time  the  float  has  been  made  fast 
in  position,  the  cans  of  explosive  oil  are  on  board  and 
the  red  flag  flying  to  warn  off  shipping  to  a  respect- 
ful distance.  Meanwhile  the  cartridge-cases  have 
been  made  ready  for  filling ;  the  nitroglycerine  is 
weighed  and  poured  in,  and  by  the  time  the  diver 
has  sent  up  the  first  plug  and  signaled  for  a  cartridge, 
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the  case  is  filled  and  sealed  to  prevent  spilling,  and 
fastened  to  the  rope  ready  to  be  passed  down.  For  a 
while  all  goes  smoothly  and  rapidly  ;  then  comes  a 
hitch,  and  the  diver  signals  to  be  hanled  in. 

The  tide  has  begun  to  rnn,  and  he  is  completely 
exhausted  by  the  labor  of  handling  the  long  cart- 
ridges in  the  swift  current.  After  a  brief  rest,  he 
goes  down  again,  and  slowly  gets  in  two  more 
charges.  By  this  time  the  tide  sweeps  him  off  his 
feet,  and,  leaving  two  holes  uncharged,  he  is  forced  to 
abandon  the  unequal  task. 
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As  soon  as  the  connecting  wires  of  the  exploders 
can  be  joined  to  the  battery  cable  and  the  connection 
securely  insulated,  the  float  drops  down  with  the  tide 
a  hundred  yards  or  so,  out  of  the  way  of  flying  rock 
from  the  expected  explosion.  Passing  vessels  are 
warned  away.  Then,  at  the  word  "  ready,"  a  few 
rapid  turns  of  the  friction  battery  are  followed  by 
two  muffled  explosions,  (air  and  water  telling  each  a 
separate  tale,)  and  on  the  instant  a  huge  column  of 
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water  broken  to  white  foam  on  all  sides,  and  dark 
with  mud  and  shattered  rock  within,  bursts  hissing 
into  the  air.  There  is  a  spiteful  suddenness  to  ex- 
ploding nitro-glycerine  that  allows  no  time  for  swell- 
ing curves.  The  water  is  heaved  in  a  volume  per- 
haps fifty  feet  into  the  air ;  then,  through  the  mass, 
jets  of  water  are  shot  in  right-lines  upward  and  out- 
ward two  or  three  times  further,  breaking  at  last 
into  streams  of  mist,  while  fragments  of  rock  flying 
off  on  lines  of  least  resistance  are  hurled  obliquely  to 
long  distances  from  the  point  of  disturbance. 

The  water  subsides  quickly.  The  first  surprise  is 
scarcely  over,  before  the  place  of  the  explosion  is  a 
level  expanse  of  discolored  water,  contrasting  strong- 
ly with  the  rough  clear  water  around.  As  the  tide 
drifts  the  turbid  water  toward  us,  shoals  of  unlucky 
fish,  shocked  beyond  recovery,  turn  their  white  bellies 
to  the  surface,  or  dart  in  zigzag  mazes,  flashing  the 
sunlight  from  their  bright  scales. 

"  You  have  seen  what  nitro-glycerine  can  do,"  says 
one  of  the  manufacturers,  Mr.  Warren,  as  the  Shoo 
Fly  steams  alongside  the  float.  "  Would  you  like 
to  see  how  we   make  it  ?" 

Exacting  a  promise  to  be  excused  from  any  closer 
exhibition  of  its  explosive  power,  we  board  the  little 
craft  and  are  soon  puffing  our  way  toward  Jersey 
flats,  where  the  factory  stands. 

For  submarine  work,  nitro-glycerine  is  unquestion- 
ably the  best  explosive  known.  Its  supposed  insta- 
bility as  a  compound,  and  the  fact  that  the  causes  of 
its  accidental  explosion  have  generally  been  unex- 
plained or  unexplainable,  have  led  many  to  regard 
its  use  as  exceedingly  hazardous.  But  such  is  not 
the  case  when  it  is  carefully  compounded  with  pure 
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materials,  kept  free  from  conditions  unfavorable  to  its 
stability,  and  used  immediately.  That  which  is  used 
in  the  government  operations  at  Hell  Gate  and  East 
Kiver  is  prepared  expressly  for  the  work,  under  the 
supervision  of  Mr.  Pearce,  superintendent  of  the 
drilling-scow.  It  is  never  kept  more  than  a  few  days, 
and  always  at  a  temperature  slightly  above  freezing- 
point. 

An  accident  that  occurred  on  the  drilling-scow  last 
May  affords  strong  evidence  of  the  safety  of  the  com- 
pound when  made  and  used  in  this  manner.  A  ful- 
minating cap  exploded  while  being  inserted  into  a 
cartridge  of  nitro-glycerine.  The  cartridge  was 
broken  and  its  contents  scattered  about ;  but  though 
there  were  nearly  two  hundred  pounds  of  the  explo- 
sive close  by,  no  harm  was  done.  If  the  cartridge  had 
contained  gunpowder,  a  disaster  would  have  been  in- 
evitable. The  fulminating  caps  have  since  been  dis- 
carded, and  the  charges  are  fired  by  electricity,  the 
exploders  containing  simply  rifle-powder. 

The  manufactory  stands  at  a  distance  from  the 
shore,  in  shallow  water,  a  mile  or  two  south  of  Com- 
munipaw.  The  location  was  chosen  by  General 
Newton  for  its  convenience  and  safety.  Being  ac- 
cessible to  boats,  the  explosive  can  be  distributed  di- 
rectly from  the  factory  to  the  points  where  it  has  to 
be  used ;  and  being  surrounded  by  only  four  feet  of 
water,  large  vessels  can  not  approach  it,  while  its  dis- 
tance from  shore  amply  insures  the  safety  of  persons 
and  property  on  land  in  case  of  an  accidental  explo- 
sion. The  apparatus  used  was  designed  by  Mr. 
Pearce,  assisted  by  Mr.  Paul  Marcelin,  who,  in  con- 
nection with  Mr.  Warren,  conducts  the  manufacture. 

When  we  return  to  the  scow,  the  divers  are  busy 
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examining  the  site  of  the  blast,  and  surveying  the 
reef  to  discover  a  suitable  place  for  sinking  the  dome 
for  another  round  of  holes.  To  select  a  proper  place 
for  a  blast  in  utter  darkness,  under  water,  and  en- 
cumbered with  heavy  armor,  is  a  task  that  requires 
the  judgment  of  an  educated  miner,  as  well  as  the 
skill  of  a  diver.  When  the  divers  had  done  their 
best,  their  reports  were  often  so  vague  and  conflicting, 
that  the  superintendent  of  the  scow  was  at  last  com- 
pelled to  add  diving  to  his  other  accomplishments, 
and  do  his  own  submarine  surveying.  After  a  new 
position  has  been  selected,  as  near  the  preceding 
blast  as  practicable,  its  place  is  marked  by  a  weight, 
with  a  line  attached,  and  the  line  brought  up  inside 
the  well.  The  scow  is  then  moved  until  this  line 
plumbs  in  the  centre  of  the  dome,  which  is  then 
lowered  for  drilling.  At  each  blast  the  rock  is 
broken  up  to  the  depth  required,  over  an  area  of  four 
or  five  hundred  square  feet.  When  the  whole  reef 
has  been  gone  over,  so  that  there  is  no  place  for  set- 
ting the  dome,  the  scow  is  hauled  off,  and  the  broken 
rock  removed  by  a  huge  grappling-machine. 

For  the  foregoing  excellent  description  of  the  Hell- 
Gate  works,  and  the  admirable  description  accompany- 
ing the  same  ;  also  for  the  description  and  engravings 
of  the  Hoosic  Tunnel,  on  another  page,  we  are  in- 
debted to  Scribner's  Monthly  Magazine. 
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]STOYEL  METHOD   OF  MAKIJSTG  SCKEENS 
FOE  PAPEK-PULP. 

BY    ARTHUR    S.  WINCHESTER,    OF   BOSTON,    MASS. 

These  screens,  as  heretofore  made,  have  had  their 
slits  formed  by  means  of  one  or  more  saws.  A  great 
difficulty  has  arisen  in  getting  the  slits  sufficiently 
narrow,  as  the  saw,  to  operate,  must  have  a  thickness 
which  will  prevent* it  from  unduly  springing  while 
cutting  the  plate.  In  consequence  of  this,  the  fine- 
ness or  width  of  the  openings  of  the  screen  has  been 
practically  limited,  and,  as  a  general  thing,  has  been 
much  wider  than  desirable. 

In  carrying  out  my  process  of  making  a  screen,  I 
have  combined  the  process  of  sawing  or  cutting  with 
a  tool  and  that  of  electro-plating;  that  is  to  say,  I 
first  make  the  slits  in  the  plate  by  means  of  a  saw 
or .  saws,  or  other  proper  tool  or  tools,  preferring  a 
circular  saw  for  such  purpose,  after  which  I  immerse 
the  plate  in  a  solution  of  an  electro-plating  bath,  and, 
by  means  of  the  circuit-wires  and  battery  thereof, 
deposit  on  the  plate,  and  the  inner  edges  of  each  of 
the  slits,  a  stratum  of  metal,  such  as  nickel,  when  the 
plate  is  of  iron  or  copper. 

The  deposit  of  the  metal  can  be  carried  on  until  each 
of  the  slits  may  be  reduced  to  the  requisite  fineness  or 
width,  which  can  not  be  attained  in  any  other  way  so 
perfectly  as  by  the  said  electro-plating  process. 

The  metal  deposited  on  the  plate  may  be  such  as 
will  resist  oxidation  to  greater  advantage  than  the 
metal  of  the  plate.     Thus  the  inner  edges  of  the  slits 
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may  be  protected  from  oxidation  and  wear,  and  the 
slits  from  filling  up  or  being  more  or  less  interrupted 
thereby. 


OTHEE  WOKLDS   THAN  OUKS. 

BY   W.    C.    CONANT. 

The  present  stage  of  astronomical  discovery,  and 
of  speculation  as  well,  has  been  vividly  summarized 
for  popular  consideration  by  the  ingenious  English 
astronomer,  Proctor,  with  particular  reference  to  the 
internal  constitution  and  condition  of  the  other  worlds. 
D.  Appleton  &  Co.,  New- York,  republish  his  volume. 
Using  his  data  and  arguments,  or  their  results,  we 
shall  go  over  the  most  interesting  portions  of  his 
ground  in  our  own  way. 

There  is  a  more  conceivable,  and,  therefore,  more 
striking  measure  of  the  dimensions  of  the,  to  us,  visi- 
ble universe  than  that  of  miles  or  space.  It  is  the 
measure  of  -time,  or  motion.  For  its  standard  we 
take  the  motion  of  light,  which  is  so  swift  that  it  was 
supposed,  not  very  long  ago,  to  have  no  relation  to 
time ;  that  is,  to  occupy  no  time.  There  is  no  appre- 
ciable or  conceivable  interval  between  the  occurrence 
of  a  terrestrial  event  at  any  distance  within  our  sight, 
and  its  representation  by  the  agency  of  light  on  the 
retina  of  the  eye.  It  requires  the  distance  of  our 
moon — which,  although  vastly  the  nearest  celestial 
object  to  us,  is  really  distant  beyond  all  possible  con- 
ception of  ours — to  occupy  light,  in  traversing  that 
distance,  for  the  appreciable  interval  of  a  little  more 
than  one  second  and  a  quarter.    But  the  distance  of  the 
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sun  detains  the  ray,  on  its  journey,  over  eight  minutes. 
In  other  words,  it  takes  eight  minutes  to  see  the  sun 
at  any  particular  moment.  Jupiter,  when  nearest,  is  so 
far  that  thirty  minutes  from  the  date  of  any  change  in 
that  planet  must  elapse  before  the  visual  report  can 
reach  us.  Saturn  averages  an  hour  and  twenty  min- 
utes distance ;  Uranus,  two  hours  and  forty  minutes ; 
and  Neptune,  four  hours.  From  the  latter  planets, 
the  sun  appears  only  as  a  twinkling  star.  All  these 
are  our  neighbors  and  colleagues  in  the  little  star 
cluster  to  which  the  earth  belongs,  and  which  we  call 
the  solar  system.  Our  nearest  neighbor  among  the 
systems — that  is,  the  nearest  sun  to  us — is  inconceiv- 
ably further  than  the  furthest  of  our  planets,  being 
never  nearer  to  us  than  three  years  of  light-motion. 
It  is  so  far  that,  if  the  whole  solar  system  inclosed  in 
the  vast  orbit  of  Neptune  were  filled  up  solid  with 
one  incandescent  luminous  body  or  sun,  it  would 
appear  to  an  observer  on  that  star  but  one  ninth  as 
large  as  the  sun  appears  in  our  skies.  The  star  Alpha 
Centauri,  for  instance,  is  one  of  the  suns  that  are  so 
near  that  we  can  measure  its  distance  by  means  of  a 
minute  apparent,  or  relative  change  of  position  in 
the  heavens,  resulting  from  our  change  of  position  to 
the  extent  of  one  hundred  and  eighty  millions  of 
miles  between  opposite  points  in  the  earth's  orbit. 
The  relative  change  of  position  in  the  star,  from  this 
cause,  amounts  to  about  a  nine  hundredth  part  of  the 
apparent  diameter  of  the  moon.  The  relative  motion 
of  Sirius  does  not  exceed  one  fourth  that  of  Alpha 
Centauri.  It  is,  therefore,,  four  times  as  far  from  us, 
or  a  twelve  years'  journey  of  light.  It  is  believed 
that  there  are  not  one  hundred  stars  visible,  even 
through  our  most  powerful  telescopes,  which  are  as 
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near  to  us  as  Sirius,  and  Sirius  is,  in  round  num- 
bers, eighty  millions  of  millions  of  miles  away,  or 
about  800,000  times  the  distance  of  the  sun.  The 
probability  remains  that,  of  the  countless  hosts  which 
lie  beyond  all  appreciable  relations  to  terrestrial 
motion,  the  nearest  are  many  times  further  than 
Sirius,  and  myriads  are  distant  hundreds  and  thou- 
sands of  years  of  light-motion. 

It  is  a  very  curious  fancy  to  make  supposition  that 
one  could  watch  the  doings  on  a  spot  of  earth,  say 
the  city  of  Rome,  at  any  of  these  distances,  in  suc- 
cession and  at  will.  Looking  from  some  star  thou- 
sands of  years  of  sight  away,  we  could  see  to-day 
exactly  how  much  was  true  of  the  fabled  foundation 
of  the  city  by  Romulus,  and  just  what  sort  of  huts  in 
the  wilderness  by  the  Tiber  were  the  germ  of  the 
Eternal  City.  Coming  in  swiftly  as  thought  from 
this  outpost,  we  should  meet  as  we  came  all  the 
successive  potentates,  wars,  triumphs,  and  arts  of 
Roman  history  in  dissolving  views,  growing  grander 
and  more  brilliant  every  moment  as  they  follow  each 
other  embalmed  in  light,  in  endless  procession,  into 
infinite  space.     Receding  again,  if  we  choose, 

The  tide  of  time  flows  back  with  us — 
The  forward-flowing  tide  of  time — 

and  Rome  returns,  step  by  step,  through  all  her  past 
ages ;  proud  towers  and  palaces  and  temples  dissolve 
in  our  sight,  and  give  place  to  their  meaner  prede- 
cessors ;  Brutus  and  Caesar,  Cicero  .  and  Catiline, 
successively  rise  from  their  bloody  graves  and  return 
to  their  high  places,  and  thence  to  their  innocent 
cradles;  slain  armies  rise  up  from  death  in  martial 
array,  and  look  defiance  on  each  other,  only  to  part 
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in  peace  and  return  to  their  homes,  and  vanish  in  the 
loins  of  the  diminishing  generations  before  them, 
until  the  wonderful  history  dwindles  to  the  trickling 
rill  of  a  little  barbarous  tribe,  and  disappears  at 
length  in  the  primeval  solitude,  broken  only  by  the 
prowl  of  the  wolf  that  nursed  its  fabled  infancy. 
And  all  that,  it  is  within  the  bounds  of  philosophical 
supposition  to  see  to-day  in  the  distances  of  the  stars. 

THE   GREATNESS    OF   THE   HEAVENLY   BODIES. 

The  scale  of  sizes  among  the  celestial  spheres  is 
as  astounding  and  inconceivable  as  their  distances. 
Jupiter*  contains  twelve  hundred  such  magnitudes  as 
our  earth;  yet  Jupiter  is  but  a  speck  to  the  sun, 
which  outweighs  fully  seven  hundred  and  forty  times 
the  combined  mass  of  all  the  planets  in  our  system. 
But  the  sun,  and  all  his  system  rolled  into  one, 
would  make  but  a  speck  to  Sirius,  which  is  estimated 
to  be  nearly  twelve  millions  of  miles  in  diameter, 
and  equal  in  volume  to  two  thousand  six  hundred 
and  eighty-eight  such  bodies  as  our  sun.  "  When  I 
consider  thy  heavens,  .  .  .  what  is  man?"  And 
what  is  his  habitation  ? 

Of  all  the  inconjecturable  millions  of  such  suns 
and  their  attendant  systems  that  blend  away  in  the 
faint  luminosity  of  galaxy  and  nebulae,  and  are, 
doubtless,  lost  beyond  in  intervening  space  too  vast 
for  all  their  blaze  to  send  the  least  trace  to  our  tele- 
scopes, there  can  be  none  which  are  not  under  sub- 
jection to  the  great  principle  of  related,  interdepen- 
dent motion,  which  forms  them  all  into  whirling 
streams,  or  vortexes  within  vortexes.  Thus  each 
planet  or  secondary  orb  of  a  system  has  its  stream  of 
satellites  whirling  around  it,  while  it  whirls  in  the 
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centre,  the  whole  making  a  whirlpool  of  matter  in 
the  planetary  system.  The  system  again  whirls  as 
one  great  whirlpool  of  whirlpools  on  its  burning  axle, 
the  snn.  And  countless  systems  like  this,  and  incon- 
ceivably vaster,  with  the  countless  stars  of  the  firma- 
ment, visible  and  invisible,  for  central  suns,  are 
whirling,  each  in  itself,  and  all  in  one,  a  round  dance 
together,  as  if  with  hands  joined  across  the  spaces 
that  make  light's  journeys  wearisome  and  long.  All 
go  streaming  in  retinue,  but  in  a  multiplicity  and 
complexity  of  currents  that  confound  our  efforts  to 
trace  out  the  method  and  symmetry  which  they 
doubtless  make  up  to  a  mind  capable  of  comprehend- 
ing them. 

THE   METEORIC    SYSTEMS. 

But  one  of  the  most  startling  features  of  the  uni- 
verse revealed  by  modern  astronomy  is  the  existence 
of  loose  stores  of  matter  and  force  conveniently  dis- 
tributed, probably  within  reach  of  other  systems,  as 
of  ours,  and  reminding  us  of  the  primal  chaos  con- 
ceived by  the  pagans  and  adopted  by  Milton  as  the 
region  of  material  into  which  the  Creator's  "  com- 
passes" struck  out  the  vast  circle  of  the  celestial  sys- 
tem. Meteors  and  comets,  like  planets,  are  found  to 
be  aggregated  in  whirling  streams  or  vortexes ;  and 
Mr.  Proctor  argues  that  they  are  probably  related 
and  homogeneous  bodies.  They  seem  to  be  the 
crudest  condition  of  matter,  and  their  streams  are 
believed  to  afford  to  the  suns  the  vast  supplies  of 
light  and  heat  which  they  perpetually  distribute  to 
their  planets  for  the  nourishment  of  advancing  or- 
ganization and  life.  The  system  of  worlds,  far  from 
being  a  finished  creation,  is  found  to  be,  like  the 
world  of  nature  around  us,  a  system  of  life,  advanc* 
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ing  organization,  and  growth.  The  meteoric  systems, 
which  probably  accompany  or  impinge  upon  all 
planetary  systems,  are  the  rivers  that  fertilize  the 
universe  of  worlds.  In  other  words,  (taking  our  own 
system  for  a  specimen  of  all,)  the  supreme  attraction  of 
the  central  sun  brings  the  stream  or  streams  of  mete- 
oric fragments  actually  down  upon  itself.  They  are 
believed  to  rain  upon  the.  sun  incessantly  in  vast 
aggregate  volume,  and  with  a  force  for  which  we  can 
find  no  illustration  in  our  experience.  The  arrest  of 
all  this  force  transmutes  it  to  heat  and  light,  and 
thus  is  solved  the  perplexing  question  of  former  times, 
how  the  sun  could  send  forth  these  unlimited  supplies 
to  his  planets  without  becoming  exhausted.  Mr. 
Proctor  argues,  with  great  clearness  and  force,  that 
the  sun's  "  corona,"  observed  in  eclipses,  and  just 
now  one  of  the  prominent  problems  of  astronomy, 
can  be  accounted  for  in  no  other  way  than  by  this 
illuminated  and  fire-spattering  rain  of  meteors  upon 
the  solar  disk.  The  sun  must  grow  in  bulk  so  long 
as  the  meteoric  streams  are  unexhausted.  From  this 
we  may  conjecture, 

On  what  meat  doth  this  our  Sirius  feed, 
That  he  is  grown  so  great. 

Our  earth  passes  into  the  edge  of  several  great 
meteoric  currents  in  the  course  of  its  annual  orbit, 
and  at  these  times  its  nearer  attraction  draws  them 
to  itself  in  showers  of  splendor.  At  all  seasons 
straggling  meteors  are  falling  within  our  attraction, 
one  at  a  time,  and  the  earth  and  all  the  planets  are 
doubtless  fed  in  bulk  to  a  considerable  extent  by  this 
cause.  They  are  supposed  to  be  masses  of  various 
degrees  of  tenuity,  and  their  light  and  heat  are  attri- 
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buted  to  condensation  from  encountering  the  resistance 
and  pressure  of  our  atmosphere.  The  old  theory  that 
the  friction  and  resistance  of  the  atmosphere  are 
sufficient  to  heat  to  a  luminous  glow  and  fuse  the 
surface  of  solid  mineral  masses,  entering  it  from  space, 
appears  now  to  be  thought  untenable.  Instead  of 
this,  Mr.  Proctor  supposes  the  meteors  to  be  mostly 
gaseous,  or  still  more  tenuous  masses,  which,  on 
entering  our  atmosphere,  become  luminous  with 
heat  from  condensation,  but  usually  remain  tenuous 
enough  to  be  diffused  without  further  trace  in  the 
atmosphere. 

~Not  only  are  these  chaos-streams  the  feeders  of  the 
life-systems  through  which  they  roll ;  it  seems  also 
probable  that  they  were  the  source  from  which  suns 
and  systems  were  born  when  "  the  Spirit  of  God 
brooded  upon  the  face  of  the  abyss."  In  other  words, 
that  the  preponderating  mass  of  the  whirling  vortex 
(when  as  yet  it  was  one)  found  the  centre  with  vast 
evolution  of  heat,  ever  since  maintained  by  the  rain 
of  the  minor  masses  from  the  rest,  while  the  outer 
strata  went  on  whirling  around  it,  and  separating 
into  minor  vortexes,  each  whirling  within  itself  and 
partaking  of  the  common  motion  around  the  inchoate 
sun.  In  the  neighborhood  of  the  main  central  aggre- 
gation or  sun,  the  motion  of  the  vortex  would  be  so 
swift,  and  the  central  attraction  so  powerful,  that 
large  subordinate  aggregations  could  not  well  be 
formed  ;  and  hence  results  the  relative  insignificance 
of  our  planets  near  the  sun:  Mercury,  nearest  and 
smallest ;  Venus,  further  and  larger ;  Earth  further 
and  larger  still,  and  with  a  satellite  to  boot,  which 
succeeded  at  an  early  date  in  splitting  off  in  a  vortex 
of  its  own,  but  not  large  enough  to  resist  the  attrac- 
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tion  of  its  larger  near  neighbor,  around  which  it  is 
hence  compelled  to  whirl  in  the  common  dance 
around  the  sun. 

FORMATION   OF    THE    PLANETS. 

Getting  further  off,  the  latitude  of  Jupiter  would 
naturally  show  a  materially  diminished  motion  of  the 
great  vortex  and  attraction  to  the  centre ;  and  here  a 
larger  aggregation  might  be  expected  to  accumulate. 
Here  Jupiter,  the  giant  of  onr  system,  rolls  with  his 
attendant  orbs,  sweeping  space  so  far  with  his  grand 
attraction  that  no  planets  of  consequence  have  been 
able  to  form  for  a  great  distance  within  his  orbit, 
and  none  for  a  great  distance  without  it,  until  another 
mighty  aggregation  should  form  beyond  his  reach. 
The  greater  density  and  tenacity  of  the  mass  of  the 
vortex  nearer  the  centre  may  account  for  the  permis- 
sion of  small  planets  to  form  in  that  region,  notwith- 
standing the  supreme  attraction  of  the  sun ;  while 
beyond  Jupiter,  on  the  contrary,  the  more  tenuous 
materials  could  not  so  readily  nucleate  against  his 
attraction ;  and  hence  Saturn,  Uranus,  and  Neptune 
were  formed  at  vaster  and  vaster  distances,  and  with 
increasing  quantities  of  satellites  in  subjection  to 
them.  It  is  also  significant  that  each  of  these  four 
great  and  remote  planets  is  of  a  comparatively  tenuous 
constitution,  and  is  almost  certainly  at  a  high  heat, 
supplying  to  its  satellites,  in  a  great  measure,  the 
place  of  the  sun,  which  at  those  distances  is  little 
more  than  "  a  bright  particular  star"  among  the 
stars.  No  doubt  the  same  unrivaled  attraction  that 
first  compacted  these  great  aggregations  still  deter- 
mines upon  them  the  fall  of  the  meteoric  systems 
through  which  they  pass,  and  has  thus  conspired  with 
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their  great  size  to  keep  up  their  incandescent  state, 
while  such  planets  as  ours  and  our  neighbors  have 
cooled  off,  and,  under  the  forces  radiated  from  the 
inexhaustible  central  fire,  have  mellowed  and  blos- 
somed into  life.  It  is  also  a  significant  support  of 
this  modern  meteoric  theory,  (Mr.  Proctor's,)  that  the 
rings  of  Saturn  have  been  proved  to  consist  of  multi- 
tudes of  separate  masses  of  matter,  and  thus  exhibit 
before  our  eyes  to-day  a  continuation  of  the  very  con- 
dition, and  the  very  process,  of  whirling  streams  or 
vortexes  of  matter,  from  which  we  conceive  the 
heavens  and  all  the  host  of  them  to  have  originated. 

# 

LIFE   IN    OTHER   WORLDS. 

The  distances  of  our  major  planets  from  the  sun 
appear  inconsistent  with  the  possibility  that  they 
should  be  abodes  of  life,  in  any  such  sense  as  we  can 
understand,  at  least.  They  must  be  regions  of  intense 
cold  and  endless  starlight,  unless  they  generate  light 
and  heat,  which  would  assimilate  them  to  suns.  There 
are  evidences  that  the  latter  is  the  case.  If  so,  it 
would  follow  that  their  satellites  are  in  the  position 
of  possible  abodes  of  life,  with  skies  of  magnificent 
but  tempered  splendor, 

Whose  light  is  brighter  than  our  noon, 
And  softer  than  our  midnight  moon. 

Jupiter  appears  to  his  innermost  satellite  of  the  size 
of  fourteen  hundred  suns,  such  as  we  see  in  our 
firmament.  Even  to  the  outermost  satellite  he  pre- 
sents a  disk  equal  to  sixty  such  suns  as  ours.  If  his 
light  wereno  more  intense  than  that  of  our  moon,  he 
would  still  be  a  glorious  object,  and  would  yield  a 
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delightful  illumination  with  considerable  warmth. 
But,  in  fact,  it  is  proved  that  his  light  is  of  at  least 
three  times  (and  the  late  Professor  Bond  calculated  it 
more  than  five  times)  the  intensity  of  the  moon's.  The 
singular  excess  of  his  brilliancy  above  that  of  other 
planets,  size  and  distance  considered,  goes  to  show, 
with  other  significant  circumstances,  that  Jupiter  is 
still  a  glowing,  molten  mass,  not,  indeed,  incandescent 
in  vaporless  white  heat,  like  the  sun,  for  his  lustre  is 
softened  by  enormous  belts  of  cloud,  but  emitting 
abundance  of  genial  warmth  to  his  neighboring 
satellites,  with  a  vast  flood  of  strong  but  not  dazzling 
light,  such  as  we  might  have,  perchance,  from  a  sky 
lighted  up  with  five  to  ten  thousand  moons. 

Saturn  may  be  inferred  to  be  in  a  newer  and 
cruder  stage  than  any  planet  inside  his  orbit,  from  his 
position  in  the  exterior  state  of  the  formation  vortex, 
from  the  tenuity  of  his  mass,  (averaging  only  three 
fourths  the  density  of  water,)  and  from  his  rings, 
which  appear  to  be  revolving  meteoric  belts,  possibly 
in  one  of  the  earlier  stages  of  enucleation.  His  light 
is  in  excess  of  his  presumable  quota  as  a  planet 
nearly  as  much  as  Jupiter's,  and  leading  to  the  same  in- 
ference, namely,  that  he  is  a  sort  of  sun  to  his  satellites. 
His  mobility  of  form,  or  occasional  "square-shoul- 
dered "  aspect,  with  his  known  tenuity  before  referred 
to,  lead  to  the  conclusion  that  Saturn  is  in  a  molten 
and  even  highly  rarefied  condition  from  internal  heat, 
capable  of  making  a  vernal  oasis  of  satellites  around 
him,  far  out  as  he  is  in  the  cold  distance  where  the 
sun  is  but  a  star. 

Nine  hundred  millions  of  miles  further  than  Saturn 
we  find  Uranus,  and  as  much  further  still,  Neptune. 
From  those  planets  the  solar  system  would  be  seen 
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much  as  the  system  of  some  of  the  nearer  suns  to  ours 
appears  to  us — a  bright  star,  (the  sun,)  with  a  com- 
panion or  two,  a  part  of  the  time.  As  to  their  condi- 
tion and  relations  of  light  and  heat  to  their  satellites, 
we  can  only  conjecture  from  analogy  that  they  prob- 
ably resemble  Saturn  and  Jupiter  in  these  respects. 

In  most  respects  the  most  interesting  planet  to  us 
at  present  is  Mars.  Our  moon  is  a  waste.  If  she 
have  air  or  moisture,  these  elements  are  swallowed 
up  in  monstrous  cavities  in  her  interior,  or  solidified 
by  the  almost  absolute  cold  which  must  prevail 
throughout  an  orb  destitute  of  an  atmosphere  to 
obstruct  the  reflection  of  the  solar  heat  from  its 
surface.  Mercury  has  a  sun  like  ten  of  ours,  and 
more,  in  apparent  size,  and  in  intensity  of  light  and 
heat.  There  is  no  satisfactory  evidence  in  regard  to 
an  atmosphere  of  such  peculiar  character  that  heavy 
cloud-envelopes  might  temper  the  terrible  heat,  so  as 
to  consist  with  organic  life,  or  in  regard  to  such  an 
inclination  of  the  planet's  axis  as  to  give  to  its  polar 
regions  so  oblique  an  exposure  to  the  sun  as  to  form 
temperate  abodes.  In  the  latter  case,  communication 
between  the  two  hemispheres  would  have  to  be  opened 
up  by  some  underground  Columbus,  favored  by  the 
reduced  effect  of  gravity,  which  appears,  though  the 
data  are  peculiarly  imperfect,  to  be  less"  than  half 
that  with  which  we  are  familiar.  Yenus  is  a  little 
smaller  than  the  earth,  has  a  day  a  very  little  shorter, 
a  year  of  less  than  two  thirds  the  length  of  ours,  and 
a  sun  nearly  twice  as  powerful.  Her  atmosphere 
appears  to  resemble  ours ;  but  the  inclination  of  her 
axis  is  in  cioubt  between  two  estimates,  one  of  which 
would  give  her  seasons,  and  days  and  nights,  not 
intolerable  to  our  ideas,  while  the  other  would  give 
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extremes  of  heat  and  cold,  of  light  and  darkness,  too 
long  and  intense  for  conceivable  endurance. 

But  of  our  little  neighbor  Mars,  our  knowledge  of 
the  most  interesting  questions  that  relate  to  the  in- 
ternal economy  of  a  planet  is  peculiar  and  most 
interesting.  He  has  only  about  two  fifths  of  the  sur- 
face of  our  earth,  and  things  are  not  so  hard  there  as 
here,  on  an  average,  by  more  than  twenty-five  per 
cent,  nor  more  than  one  fourth  as  heavy.  The  day  of 
Mars  is  little  more  than  forty  minutes  longer  than 
ours,  but  his  year  contains  nearly  687  of  our  days, 
and  his  seasons  are  nearly  double  the  length  of  ours. 
The  inclination  of  his  axis  is  nearly  the  same  as  the 
earth's,  but  the  great  eccentricity  of  his  orbit  makes 
his  northern  hemisphere  singularly  equable  in  tem- 
perature, the  winters  being  warmer,  and  the  summers 
cooler  than  ours.  In  his  southern  hemisphere,  how- 
ever, the  case  is  reversed. 

The  ruddy  color  to  which  Mars  owes  his  truculent 
and  heathenish  name  is  found  by  the  -telescope  to  be 
confined  to  certain  parts  of  his  disk,  alternated  with 
portions  of  a  darker  and  greenish  hue.  His  poles 
are  marked  each  by  a  spot  of  brilliant  whiteness,  as 
of  ice  and  snow,  and  toward  the  edge  of  the  disk  the 
ruddy  and  greenish  tracts  are  lost  in  a  misty  white- 
ness which  grows  brighter  to  the  extreme  outline. 
All  these  varieties  of  color  are  found  to  be  perma- 
nently and  well  defined,  insomuch  that  colored  charts 
have  been  made,  representing  the  several  divisions 
with  sufficient  accuracy  to  be  called  geographical 
maps.  At  the  same  time,  these  variegations  of  color 
and  shade,  though  permanent,  and  identical  in  form, 
as  observed  to-day,  with  pictures  made  two  hundred 
years  ago,  are  not  at  all  hours,  or  even  days  together, 
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visible  to  us.  They  are  often  temporarily  vailed, 
blurred,  or  indistinct  in  parts  from  causes  independent 
of  all  the  conditions  of  observation  external  to  the 
planet,  and  even  when  neighboring  parts  are  ex- 
hibited with  unusual  clearness.  Different  astronomers, 
in  different  places,  have  observed  precisely  the  same 
observations  of  white,  misty  light  coming  and  going 
at  the  same  hour,  on  the  same  parts  of  the  disk,  and 
their  drawings  of  the  same  have  corresponded  re- 
markably. Again,  during  the  winter  season  of  either 
hemisphere  of  Mars,  the  same  vail  of  white,  misty 
light  almost  always  covers  that  hemisphere.  The 
spectroscope  has  proved  the  existence  of  aqueous  vapor 
in  the  atmosphere  of  Mars,  removing  all  conjecturable 
difficulty  from  the  natural  inference  that  these  tran- 
sient, but  in  winter  more  prevalent,  vails  upon  the 
permanent  colors  of  Mars,  are  simply  clouds  of  rain. 
From  the  existence  of  this  aqueous  vapor,  it  follows 
that  there  are  seas  and  rivers  of  water  on  the  planet, 
and  that  its  polar  whiteness  is  that  of  arctic  ice-fields. 
From  the  observed  effects  of  color  in  the  reflection  of 
light  from  different  objects,  we  infer  that  the  ruddy 
parts  of  Mars  are  solid  land ;  the  darker  and  greenish 
portions,  water ;  the  fixed  and  brilliant  white,  ice  or 
snow ;  and  that  the  shifting,  misty  whitenesses  pre- 
vailing steadily  over  the  morning  and  evening  por- 
tions, that  is,  toward  the  exterior  outline  of  the  planet, 
are  vapors,  diffused  or  massed,  as  the  case  may  be, 
tempering  the  atmosphere  and  irrigating  the  land  for 
the  sustenance  of  vegetable  and  animal  life.  The 
abundant  rainfall  indicated  by  the  gathering,  mov- 
ing, and  dissolving  clouds  observed  on  the  surface  of 
Mars,  must  create  rivers,  and  implies  atmospheric 
and  oceanic  currents ;  in  short,  the  whole  system  of 
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elemental  circulation  which  vivifies  and  freshens  per- 
petually the  world  in  which  Ave  dwell,  with  corre- 
sponding results  of  verdure  and  beauty,  of  life  and 
delight. 

The  land  and  water  upon  Mars  are  much  less 
extensively  segregated  than  ours.  The  oceans  are 
not  large,  and  seem  to  bear  a  much  less  proportion, 
in  the  aggregate,  to  the  land.  Yet  the  distribution 
of  water  is  such  as  to  afford  the  most  refreshing 
variety,  and  the  utmost  facility  of  inter-communica- 
tion. The  maps  and  descriptions  in  detail,  for  which 
we  must  refer  to  Mr.  Proctor's  volume,  give  one  the 
pleasant  impression  of  an  immense  landscape  garden, 
with  endless  interchange  of  river,  hill,  and  vale,  of 
seas,  and  bays,  and  winding  shores,  adapted  to  the 
fullest  enjoyment  of  sensuous  existence  by  beings 
constituted  in  mind  and  body  like  ourselves. 


THE      NEW     GERMAN     SHIP      OF      WAK 
ARIADNE. 

In  Germany,  the  provision  of  a  fleet  has  hitherto 
been  among  the  last  duties  which  devolved  on  the 
government,  and  it  is  only  during  the  last  few  years 
that  Prussian  iron-clads  have  demanded  attention. 
Since  the  settlement  of  the  treaty  of  peace  with 
France,  however,  some  movements  have  been  made 
toward  equipping  a  German  flotilla  for  the  protection 
of  the  weaker  points  where  an  attack  might  be  made 
by  a  foreign  foe ;  and  our  engraving  illustrates  the 
latest  achievement  of  the  German  ship-building  yards. 
One   of    several    double-decked   corvettes,   some   of 
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which  have  already  been  sent  to  foreign  stations,  the 
Ariadne  is  a  very  fine  specimen  of  marine  science. 
Her  breadth  of  beam  is  thirty -five  feet,  and  her 
length  two  hundred  feet;  and,  though  not  entirely 


iron-plated,  her  decks  are  protected  with  iron  girders 
clamped  at  the  ends,  as  well  as  with  iron  lattice- work, 
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while  her  sides  are  partially  armor-clad.  She  carries 
two  seventy-two  pounders  and  four  twenty-four 
pounders,  from  the  celebrated  Krupp  foundry ;  and 
is  regarded  as  a  model  of  symmetry,  her  fine  lines 
having  gained  general  approbation.  As  forming 
part  of  a  defensive  fleet,  the  Ariadne  corvette  is  of 
some  importance :  her  sailing  and  steaming  qualities 
are  said  to  be  excellent. 


RAILWAY  TUNNEL  AT  HARTFORD,  CT. 

The  new  Hartford  tunnel  for  the  Hartford  and 
JSTew-Haven  Railway  is  nearly  completed.  The 
enlargement  of  the  old  tunnel  was  made  through 
exceedingly  troublesome  strata  of  quicksand  and 
clay,  which  had  a  tendency  to  cave  in,  and  thus 
seriously  impede  the  operation  of  excavating  and 
pile-driving,  which  was  carried  on  at  the  same  time. 
The  tunnel  passes  under  two  busy  streets,  one  having 
a  horse-railway  track,  and  both  having  gas-pipe,  etc., 
all  of  which  had  to  be  moved  and  removed,  so  as  not 
to  discommode  the  public.  Trains  passed  upon  the 
road  itself,  on  an  average,  every  iiYe  minutes  during 
the  day,  a  fact  which  necessitated  considerable  cal- 
culation. The  number  of  piles  driven  was  1731,  or, 
measuring  the  part  actually  underground,  seven  miles. 
The  work  was  under  the  immediate  supervision  of 
E.  M.  Read,  Superintendent  of  the  Hartford  and  New- 
Haven  Railway. 

^.#~. 

A  NEW  RAILWAY  RAIL. 

A  Pittsburg  inventor  is  stated  to  have  patented  a 
new  combination  rail,  which  is  thus  described.  The 
lower  or  chair  part  is  made  of  iron,  in  lengths  as  long 
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as  regular  rails,  with  a  U-shaped  channel  about  two 
inches  deep  running  its  entire  length.  When  this 
rail  is  rolled,  a  bead  or  groove  is  made  in  its  inside 
upper  edges.  The  upper  or  T  part  of  the  rail  is  also 
made  separate,  with  a  tongue  corresponding  to  the 
tunnel  of  the  chair  part,  and  intended  to  be  sprung 
into  place  when  cold,  the  spring  of  the  iron  serving  to 
hold  them  together  without  bolts.  When  laid  down, 
the  joints  in  the  upper  parts  can  be  made  to  come  in 
the  centre  of  the  chair,  thus  securing  a  continuous 
rail.  The  main  point  of  economy  claimed  is  in 
renewing  a  track,  as  new  tops  of  this  rail  can  be 
sprung  into  place  without  removing  the  chair  part, 
thus  requiring  no  new  spikes,  and  saving  a  great 
amount  of  time. 

Rails  of  this  sort  were  in  use  years  ago  on  the 
Hudson  Eiver  Railway,  but  the  method  of  fastening 
the  parts  together  was  different. 


NICKEL  PLATING. 

The  use  of  nickel  for  the  plating  of  metals,  espe- 
cially as  a  substitute  for  plating  with  silver  and  cop- 
per, has  been  very  rapidly  and  extensively  introduced 
during  the  past  year. 

It  is  to  Dr.  Isaac  Adams,  Jr.,  of  Boston,  Mass., 
that  the  public  are  indebted  for  the  discovery  of  a 
simple  and  practicable  method  whereby  nickel  plating 
has  been  rendered  a  successful  and  invaluable  branch 
of  the  arts. 

Public  attention  was  especially  called  to  the  value  of 
Dr.  Adams's  improvements  by  the  French  Academy  of 
Sciences  in  1870. 

Practical  trials  of  various  articles  plated  with  nick- 
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el  soon  demonstrated  that 
its  use  was  of  the  highest 
importance.  For  example, 
the  iron  bolts  of  the  valve- 
seat  of  the  air-pump  of  the 
steamship  Lodona,  al- 
though plated  with  copper, 
were  corroded  after  use  for 
three  months,  so  as  to  be 
practically  useless,  their 
heads  being  eaten  away,  as 
shown  in  Figure  1.  Vari- 
ous expedients  were  resort- 
ed to,  to  obviate  the  diffi- 
culty. Composition  bolts  were  substituted,  but 
proved  insufficient  in  strength.  Finally  the  engineer, 
Mr.  L.  A.  Scofield,  tried  the  experiment  of  nickel 
plating  upon  the  iron 
bolts,  with  marvelous 
success.  After  three 
months'  use,  the  bolts 
were  as  good  as  new, 
save  a  slight  discolora- 
tion of  the  surface  of 
the  nickel,  as  shown 
in  Figure  2. 

Several  special  ap- 
plications of  nickel 
plating  have  been  pa- 
tented, among  them 
the  following  : 

The  Plating  of  Gas-Buhner  Tips  with  Nickel. — 
By  Dr.  Adams. — The  nickel  prevents  the  oxidization 
of  the  tip  by  the  gaseous  flame. 
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The  Lining-  of  the  interior  Surfaces  of  Culinary 
Vessels  with  Nickel. — By  S.  C.  Moore. — The  nickel 
lining  possesses  the  advantages  of  being  hard,  smooth, 
unaffected  by  heat,  not  liable  to  cracking  or  corrosion, 
or  to  impart  any  taste,  or  produce  any  injurious 
effect  upon  the  articles  cooked,  and  in  these  particu- 
lars, as  well  as  in  cheapness,  it  surpasses  the  ordinary 
linings  of  porcelain  or  tin. 

The  Facing  of  Printing  Types  with  Nickel. — By 
L.  L.  Smith. — Nickel  is  much  harder  than  copper,  or 
any  other  metal  that  has  heretofore  been  used  for 
coating  metallic  type,  and  therefore  a  nickel-plated 
type  of  a  certain  thickness  will  wear  longer  than  type 
plated  with  the  same  thickness  of  any  other  metal 
that  has  heretofore  been  used  for  that  purpose. 

It  is  possible,  without  producing  a  mat  surface,  to 
electro-plate  with  nickel  to  a  greater  thickness  than  it 
is  possible  to  electro-plate  with  copper,  or  any  other 
metal  that  has  heretofore  been  used  for  coating  type, 
and  therefore  it  is  possible  to  electro-plate  metallic 
type  with  a  thicker  coating  of  nickel  than  of  copper, 
or  any  other  metal  that  has  heretofore  been  used  for 
coating  such  type,  and  yet  leave  the  surface  of  the 
type  smooth  and  regular. 

Nickel-plated  type  are  preferable  for  printing  with 
Colored  inks  to  metallic  type  plated  with  copper,  for 
the  component  parts  of  various  colored  inks  that  act 
upon  the  copper  coating  will  not  act  at  all,  or  only 
slightly,  upon  the  nickel  coating. 

The  Protection  of  Eire- Arms  with  Nickel. — By 
Dr.  Adam.  —  The  metallic  parts  of  fire-arms  of 
all  kinds  are  usually  made  of  iron  or  steel,  and  easily 
oxidize  if  exposed  to  the  moisture  "of  the  atmosphere, 
and  particularly  to   the  moisture   arising  from  the 
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changes  of  temperature  caused  by  firing,  and  this  oxi- 
dization impairs  their  beauty  and  their  value  for  use. 

To  protect  these  parts  from  oxidization,  and  to  in- 
crease their  beauty,  it  has  been  the  practice  to  make 
certain  of  them  of  solid  silver,  or  to  cover  the  iron  or 
steel  parts  with  a  coating  of  silver.  But  the  solid 
silver  is  expensive,  and  wholly  unfitted  for  certain 
parts  of  fire-arms,  on  account  of  its  softness,  and 
even  when  put  on  as  a  coating  to  the  iron  or  steel,  it 
is  so  soft  that  it  will  wear  but  a  short  time,  and  be- 
sides, the  silver  is  liable  to  be  tarnished  by  the  sul- 
phurous gases  of  the  burnt  powder. 

This  invention  or  discovery  consists  in  covering  the 
metallic  portions  of  small  arms  with  a  compact,  co- 
herent, tenacious,  and  flexible  coating  of  nickel ;  and 
I  find  that  the  advantages  of  such  a  coating  over  the 
plain  iron  or  steel  surface,  and  over  the  same  plated 
with  silver  or  made  of  solid  silver,  are  many. 

The  nickel  coating  is  quite  as  hard  as  the  steel.  It 
does  not  oxidize.  It  protects  the  steel  or  iron  from 
oxidization.  It  takes  a  polish  quite  equal  to  the  high 
polish  of  hard  steel.  Its  color  is  nearly  the  same  as 
that  of  silver.  It  is  much  cheaper  than  silver.  But 
the  great  and  peculiar  value  of  'a  nickel  coating,  as 
applied  to  metallic  parts  of  fire-arms,  is  found  in  the 
fact  that  it  is  not  tarnished  or  otherwise  affected  by 
the  sulphurous  gases  of  the  burnt  powder,  which  so 
badly  tarnish  silver,  iron,  and  steel.  The  nickel  coat- 
ing is  therefore  particularly  valuable,  as  applied  to 
the  tube,  nipple,  and  parts  adjoining,  which  are  espe- 
cially heated  by  the  explosion,  and,  from  their  changes 
of  temperature,  most  liable  to  oxidization,  and  from 
their  position  most  exposed  to  the  sulphurous  gases 
produced  by  the  combustion  of  the  powder. 
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The  Protection  of  the  Wearing  Parts  of  Cotton- 
Gins  with  Nickel. — By  L.  Watrous. — Cotton-gin 
cylinders  are  frequently  exposed  to  the  weather,  and 
they  attract  moisture  from  the  cotton  also,  and  fre- 
quently corrode  to  such  a  degree  between  the  collars 
as  to  render  the  cylinder  unfit  for  repairs  or  use. 

The  nickel  coating  prevents  oxidization,  and  pre- 
serves the  saw  as  well  as  the  ribs  between  the  saw  for 
an  indefinite  length  of  time.  The  nickel  coating  is  so 
hard  that  it  resists  the  wearing  action  of  the  fibre  and 
keeps  the  sides  of  the  saws  smooth  and  free  from 
rust,  although  the  gin  may  be  exposed  to  moisture  by 
use  or  careless  exposure  to  the  weather. 

In  the  ginning  of  cotton  it  is  quite  important  that 
the  saw-teeth  should  be  smooth.  This  condition  is 
secured  by  the  nickel  coating,  as  preventing  corrosion 
of  the  teeth  while  the  gin  is  standing  idle,  or  when 
the  saws  are  exposed,  as  before  stated,  preserves  the 
teeth  smooth  and  in  working  order. 

By  this  process  the  saw-teeth  as  well  as  the  plate 
are  most  effectually  protected,  and  ill-usage  and  ex- 
posure provided  for. 


THE    AGKICULTUKAL    LOCOMOTIVE. 

The  application  of  steam-power  to  farming  is  no 
longer  an  experiment.  The  high  price  of  labor  and 
large  area  of  our  Western  farms  will  soon  compel  its 
general  introduction.  It  is  not  for  plowing  and 
harrowing  alone  we  demand  something  better  than 
horse-power.  We  must  have  an  engine  to  thrash  the 
grain,  cut  the  wood,  shell  the  corn,  draw  water,  and 
do  a  dozen  other  odd  jobs  about  the  barn.  An  en- 
gine to  meet  our  wants  must  be  able  to  do  all  the 
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work  of  a  stationary  engine,  be  able  to  transport  it- 
self to  any  part  of  the  farm,  and  drag  the  crops  to 
market. 

In  England,  where  labor  is  cheap,  over  three  thou- 
sand steam  plows,  besides  hundreds  of  other  farm- 
engines,  are  at  work. 

We  saw  recently  at  an  agricultural  fair  in  England 
a  number  of  engines  of  various  patterns.  All  are  on 
wheels,  and  either  move  themselves  or  can  be  dragged 
about  by  horses.  One  particular  engine  stood  alone 
on  the  grass  with  steam  up,  and  a  light  blue  cloud  of 
smoke  was  escaping  from  its  slender  smokestack. 
Near  by  was  a  broad,  circular  track,  showing  where  it 
had  been  driven  round  to  show  its  paces.  The  grass 
near  it  did  not  seem  to  have  been  injured  in  the  least. 
The  boiler  rested  upon  four  wheels.  The  forward 
truck  was  movable.  A  small  platform  in  front,  with 
a  steering-wheel,  showed  how  the  machine  was  guided. 
The  driving-wheels  were  six  feet  in  diameter,  and 
shod  with  rubber  tires  two  inches  thick.  The  cab 
for  the  engineer  hung  over  the  rear  and  carried  the 
coals.  The  water-tank  was  under  the  boiler.  The 
exhaust  steam  could  be  turned  into  this,  thereby  sav- 
ing fuel  greatly.  The  cylinder,  safety-valve,  etc., 
were  placed  on  top.  There  was  a  piece  of  short 
shafting  on  top,  with  a  fly-wheel  attached.  From 
the  wheel  and  shaft  power  was  taken  to  drive  the 
saw,  run  the  thrashing-machine,  elevate  the  hay,  or 
do  any  farm  work  required. 

Presently  a  man  appears,  mounts  the  cab,  and 
begins  to  stir  up  the  fire.  Calling  a  man  to  steer  the 
hot-headed  beast,  he  bids  them  go  to  the  brook  for 
water.  With  a  gentle  snort  the  huge  thing  trundles 
swiftly  over  the  grass  toward  the  brook.     The  crowd 
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scampers  after,  but  is  quickly  distanced.  Down  the 
bank  it  rushes  in  precipitate  haste.  We  are  alarmed 
for  its  safety ;  but  it  neatly  turns  round,  and  stands 
with  two  wheels  in  the  water.  A  pipe  is  put  out 
and  the  horse  takes  mighty  swallows  into  his  wrought- 
iron  stomach. 

Presently,  with  a  vigorous  puffing,  it  starts  to  re- 
turn up  the  bank.  Meeting  with  resistance,  it  de- 
velops tremendous  power,  and  climbs  a  grade  of  one 
in  five  easily.  Its  track  over  the  sod  is  only  marked 
by  a  slight  flattening  of  the  grass.  Next,  at  com- 
mand, it  runs  round  a  small  circle  to  show  its  speed 
— about  ten  miles  an  hour,  we  should  judge. 

Its  next  performance  is  to  run  up  beside  a  winnow-, 
ing  machine,  throw  out  a  belt,  and  run  the  apparatus 
at  a  swift  and  effective  rate. 

Next  it  is  released  and  rolls  over  to  where  a  huge 
thrashing-machine  on  wheels  stands  packed  and  ready 
for  removal.  This  is  the  last  day  of  the  exhibition, 
and  preparations  must  be  made  for  the  journey  home. 
The  locomotive  backs  slowly  up  to  the  thrasher,  and 
is  quickly  coupled  with  it.  The  shackle  used  is  so 
made  that  when  turning  a  corner  the  forward  truck  is 
turned  first,  precisely  as  the  shaft-horse  pulls  the 
wheels  after  him  when  turning. 

Next,  with  a  push,  the  train  backs  up  to  a  huge 
straw-elevator.  This  machine  is  on  wheels,  and  re- 
sembles one  of  the  ice- elevators  used  in  our  ice- 
houses at  home.  It  is  used  to  lift  straw  in  bundles 
to  the  lofts  or  to  the  tops  of  ricks.  The  elevator 
being  coupled,  the  whole  train  is  ready  to  start.  It 
consists  of  the  locomotive,  twelve  feet  long  and 
weighing  seven  tons,  the  thrasher,  weighing  five  tons 
and  fifteen  feet  long,  and  the  straw-elevator,  three 
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tons  and  twenty  feet — a  total  of  fifteen  tons  and 
f orty-seven  feet  in  length. 

"When  all  is  ready,  the  engine  starts  gently  and 
easily,  takes  a  great  sweep  over  the  grass  and  starts 
for  one  of  the  entrance-gates  of  the  fair  ground. 
This  gate  leads  to  a  narrow,  winding  lane,  with  only 
room  for  one  team.  The  engine  enters  the  lane  at 
an  angle  and  the  train  follows  after,  without  touching 
the  gate-posts.  It  would  take  a  careful  driver,  with 
a  docile  team,  to  do  as  well  with  horses. 

Immediately  on  entering  the  lane  the  engine  comes 
to  a  soft  place  in  the  road.  The  wheels  sink  into  the 
mud  and  stick  fast.  The  crowd  gathers  around  and 
becomes,  after  the  usual  English  manner,  derisive 
and  doubtful.  Eeally,  if  this  is  the  style  of  the 
horse,  he  develops  faults  suddenly.  Without  a  word 
the  owner  steps  up  to  the  driver,  and  asks  for  a 
"  claw."  This  is  a  cast-iron  shoe  made  to  fit  the 
wheels.  The  gentleman  quickly  fastens  it  on ;  the 
wheel  turns  round,  and  when  the  sharp  edge  of  the 
claw  strikes  the  ground,  the  train  moves  forward  a 
foot  or  so.  The  claw  is  used  again,  and  the  slough  is 
easily  passed. 

He  remarks,  "  That  was  an  extra  bad  slough. 
Don't  meet  such  greasy  mud  often.  When  we  do, 
we  unshackle  the  engine  or  use  the  claws.  With  a 
chain  we  can  drag  the  team  through  and  go  on.  The 
engine,  when  alone,  will  pass  any  ordinary  mud-hole 
with  ease." 

After  going  down  the  lane  for  a  short  distance  it 
stopped,  and  our  attendant  politely  informs  us  that 
this  is  all  it  will  do  at  present.  By  a  singularly  stu- 
pid law  of  Parliament,  no  road-steamer  or  agricultural 
engine  can  be  used  upon  common  roads  unless  a  man 
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with  a  red  flag  goes  sixty  feet  in  advance  of  it.  The 
signal-man  is  sure  to  frighten  horses  far  more  than 
the  engine.  As  far  as  we  can  learn,  there  are  hun- 
dreds of  self -moving  farm-engines  to  be  found  in 
England,  and  yet  no  serious  trouble  has  resulted  as  yet. 

Our  polite  exhibitor  informed  us  in  conclusion  that 
at  midnight,  when  the  roads  are  clear  and  this  re- 
striction removed,  the  train  will  start  for  the  shop, 
forty  miles  away,  where  it  will  arrive  by  early  morn- 
ing. 

There  is  nothing  -<  bout  such  a  farm-engine  as  this 
that  our  builders  can  not  copy.  This  engine,  or  one 
like  it,  we  think,  is  soon  destined  to  be  introduced 
upon  our  prairie  farms.  Charles  Barnard. 


AN     IMPROVED     WEEDING    IMPLEMENT. 

The  extirpation  of  noxious  weeds  is  one  of  the 
most  laborious  and  anxious  cares  of  the  agriculturist 

Any  improvement  which  facilitates  so 
necessary  a  labor  will  be  everywhere  wel- 
comed. 

Our  cut  shows  a  weeding  spade,  patented 
by  Philip  Michael,  of  Frostburg,  Md., 
which  appears  to  be  a  convenient  imple- 
ment. A  is  an  ordinary  spademandle,  pro- 
vided with  a  small  spade  B,  from  which 
rise  a  couple  of  horn-shaped  tines  B'.  The 
spade  is  inserted  in  the  ground  beside  the 
weed  or  under  its  roots,  and  when  drawn 
out  the  tines  B'  take  hold  of  the  roots  or 
stems  and  facilitate  the  removal  of  the 
plant.  D  is  a  foot-stirrup,  by  which  the 
spade  is  pushed  into  the  ground. 
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SIE  FEANCIS  PETTIT  SMITH. 

The  honor  of  knighthood  was  lately  conferred  by 
her  Majesty  npon  this  gentleman,  in  especial  acknow- 
ledgment of  the  eminent  services  he  has  rendered  to 
the  country  by  his  labors  for  the  development  of  the 
system  of  screw  propulsion,  and  for  its  introduction 
into  the  naval  and  mercantile  marine.  He  was  born 
in  1808,  at  Hythe,  in  Kent,  his  father  being  post- 
master at  that  place.  He  chose,  in  early  manhood, 
the  business  of  a  grazing  farmer,  first  in  Eomney 
Marsh,  afterward  at  Hendon,  near  London.  He  was 
accustomed  to  the  experimental  study  of  mechanics, 
and  often  constructed  models  of  boats,  with  apparatus 
for  trying  various  methods  of  propulsion.  In  1834, 
he  made  one  propelled  by  a  screw,  which  was  driven 
by  a  spring  ;  and  this  answered  so  well  that  he  con- 
cluded the  screw  would  do  better  than  paddles,  which 
then  were  exclusively  used.  He  made,  in  1835,  a 
superior  model,  which  was  shown  in  action  on  a  pond 
of  his  farm,  and  at  the  Adelaide  Gallery,  in  the 
Strand.  In  1836,  he  took  out  his  patent  for  propel- 
ling vessels  by  means  of  a  screw  revolving  beneath 
the  water  at  the  stern.  Having  been  joined  by  Mr. 
Wright,  banker,  and  Mr.  C.  A.  Caldwell,  in  this  un- 
dertaking, he  now  got  a  small  steam-vessel  boat,  of 
ten  tons  burden,  and  six-horse  engine  power.  In  its 
construction  and  working  he  was  assisted  by  Mr. 
Thomas  Pilgrim,  a  practical  engineer.  The  vessel 
was  tried  first  on  the  Paddington  Canal,  next  on  the 
Thames,  with  satisfactory  results ;  in  1837,  she  was 
put  to  sea,  and  visited  Dover  and  Folkestone,  encoun- 
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tering  very  rough  weather.     Her  success  was  so  de- 
cided that  the  Lords  of  the  Admiralty  inspected  her 
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in  the  following  year.  They  wished,  before  introduc- 
ing the  screw  propeller  into  the  Royal  Navy,  that 
Mr.  F.  P.  Smith  and  his  friends  should  try  his  inven- 
tion in  a  larger  vessel.  The  Archimedes,  of  237  tons 
burden  and  ninety  horse-power,  was  built  at  Millwall 
to  satisfy  this  requisition.  A  small  company,  of 
which  Mr.  H.  Currie,  banker,  was  one  of  the  direc- 
tors, had  been  formed  to  promote  the  use  of  the  screw. 
The  Archimedes  was  launched  in  October,  1838,  and 
it  was  agreed  that  her  performance  should  be  con- 
sidered satisfactory  if  she  had  a  speed  of  five  miles  an 
hour.  She  did,  in  fact,  achieve  nearly  twice  that  rate 
of  speed.  In  May,  1839,  she  went  to  Sheerness  and 
thence  to  Portsmouth,  where  she  excited  general 
admiration.  In  May,  1840,  she  was  tested,  by  order 
of  the  Admiralty,  in  races  with  some  of  the  best 
packets  on  the  Dover  station,  under  the  official  super- 
intendence of  Captain  John  Chappell,  R.N.,  and  Mr. 
Lloyd,  Chief  Engineer  to  the  Navy.  The  Archime- 
des visited,  in  the  same  year,  all  the  chief  ports  of 
Great  Britain,  and  crossed  the  Bay  of  Biscay  to 
Oporto.  Several  vessels  of  different  sizes  and  forms 
were  constructed,  and  fitted  with  Mr.  F.  P.  Smith's 
screw  propeller,  from  1839  to  1841.  There  was  also, 
in  1811,  a  small  Admiralty  vessel,  called  the  Bee, 
built  at  Chatham,  which  was  furnished  both  with 
paddles  and  screw,  that  it  might  prove  which  were 
the  best  means  of  locomotion.  The  building  of  H.M.S. 
Rattler  was  commenced  at  Sheerness  in  1842;  and 
when  she  was  afloat,  next  year,  a  series  of  experi- 
ments were  made  by  Mr.  Lloyd,  aided  by  Mr.  Smith 
and  Mr.  Brunei,  to  determine  the  best  proportions  of 
the  screw.  The  Rattler  was  put  in  commission  in 
1844,  under  the  command  of  Captain  Henry  Smith, 
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R.N.  She  was  a  ship  of  880  tons  burden,  and  200 
horse-power ;  and  the  Alecto,  a  paddle-wheel  steamer, 
was  constructed  on  the  same  lines,  with  the  same 
amount  of  engine-power,  that  they  might  try  the 
comparative  efficacy  of  the  two  systems  under  diffe- 
rent conditions  of  wind  and  water.  The  superiority 
of  the  Rattler  was  so  evident  that  the  Admiralty  at 
once  ordered  the  Queen's  yacht  Fairy,  and  twenty 
other  vessels,  to  be  built  for  screw  propulsion,  under 
Mr.  F.  P.  Smith's  direction.  The  Great  Northern, 
of  1500  tons,  and  Mr.  Brunei's  Great  Britain,  of  2500 
tons,  were  also  constructed  for  this  mode  of  motion. 
Before  1850,  when  Mr.  F.  P.  Smith  retired  from  the 
business  of  fitting  screw  propellers,  more  than  a  hun- 
dred vessels  of  all  classes  were  built,  or  in  process  of 
building,  to  take  advantage  of  his  contrivance.  He 
has,  during  many  years  past,  held  the  post  of  Curator 
of  the  Patent-Office  Museum  at  South-Kensington, 
and  has  received  a  small  pension.  The  Admiralty 
purchased  his  patent  right  for  £20,000.  There  can 
be  no  doubt  that  his  great  invention  has  been  worth 
millions  to  the  public,  and  to  private  ship-owners. 
London,  Illustrated  News. 


The  invention  of  the  electro-magnet  was  made  by 
William  Sturgeon,  who  was  born  at  Whittington, 
Lancashire,  Eng.,  in  1783.  Sturgeon  used  bare  wire 
for  his  coils,  the  folds  being  slightly  separated,  and 
the  coils  insulated  by  paper  or  silk.  The  covering  of 
the  wires  is  due  to  Professor  Henry,  of  the  Smith- 
sonian Institute,  Washington,  D.  C. 


MINERAL   RESOURCES   OF   MISSOURI.  71 


MINEKAL   KESOURCES   OF  MISSOUEI. 

The  incalculable  wealth  which  lies  hid  in  the  bosom 
of  Mother  Earth  in  our  vast  possessions  of  the  West 
is  undoubtedly  centred  in  the  State  of  Missouri, 
and  the  development  of  this  fund  of  riches  must  add 
to  the  national  prosperity,  not  only  by  its  immeasu- 
rable intrinsic  value,  but  by  its  affording  occupation 
to  armies  of  laborers,  the  latter  being  the  highest  and 
most  important  consideration.  ' 

The  following  distribution  of  metals  all  over  the 
State  shows  the  number  of  counties  in  which  the  vari- 
ous ores  are  found :  Iron  in  46  counties,  lead  in  43, 
coal  in  36,  copper  in  24,  marble  in  11,  zinc  in  27,  fire' 
clay  in  16,  barytes  in  10,  nickel  in  6,  granite  in  4, 
tin  in  4,  plumbago  in  2,  gypsum  in  2,  alum  in  1,  anti- 
mony in  4. 

There  is  probably  no  country  in  the  world  so  en- 
dowed as  this.  Of  iron  alone,  there  is  ore  of  the  best 
quality  sufficient  to  furnish  200,000,000  tons  of  iron  ; 
and  this  quantity  lies  in  a  small  space,  in  the  vicinity 
of  Pilot  Knob  and  Iron  Mountain,  and  within  100 
miles  of  St.  Louis. 


Nature  is  the  only  workman  to  whom  no  material 
is  worthless,  the  only  chemist  in  whose  laboratory 
there  are  no  waste  products,  and  the  only  artist  whose 
compositions  are  infinitely  varied,  and  whose  fertility 
of  invention  is  inexhaustible. 
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CONSUMPTION  OF  SUGAK,  COFFEE,  AND 
TEA. 

E.  Behm  gives  the  following  estimate  of  the  con- 
sumption of  sugar,  coffee,  and  tea,  jpef  capita,  in  vari- 
ous countries : 


Great  Britain 
United  States 

Holland 

France  

Norway 

Sweden 

Switzerland.  . 

Germany 

Denmark. . .  . 

Belgium 

Portugal. 

Italy 

Austria 

Spain 

Russia 


Sugar,  lbs. 


Coffee,  lbs. 


0.90 
5.68 
7.03 
2.32 
6.92 
0.80 
5.28 
4.03 
3.40 
8.59 
0.69 
0.90 
1.30 
0.01 
0.007 


Tea,  lbs. 


3.190 

0.800 
0.018 
0.060 
0.060 

6.035 

0.400 
0.018 
0.04'0 
0.020 
0.012 
0.040 
0.160 


The  entire  consumption  of  sugar  in  Europe  has 
averaged,  during  the  last  few  years,  three  thousand 
four  hundred  and  ten  million  pounds  (3,410,000,000 
pounds)  per  annum,  and  for  the  whole  world  it  is  set 
down  at  nearly  twice  that  amount.  It  is  estimated 
that  three  fourths  of  the  sugar  is  made  from  cane,  and 
one  fourth  from  the  beet. 

The  consumption  of  coffee  has  doubled  in  most 
countries  during  the  last  twenty  years. 
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AEE  LEGS  A  MISTAKE? 

If  you  were  to  lose  a  leg,  all  your  friends  would 
make  haste  to  commiserate  your  condition,  and  sym- 
pathize with  you  in  your  misfortune.  But  are  the 
popular  impressions  in  respect  to  the  value  of  the 
human  leg  founded  in  scientific  truth  ?  We  perceive 
that  many  parts  of  the  human  form  once  supposed 
to  be  valuable  are  now  known  to  be  either  valueless, 
or  of  far  less  use  than  is  some  ingenious  substitute. 

The  teeth,  for  instance,  may  be  all  taken  out,  and  a 
new  set  put  in  their  place,  warranted  not  to  ache,  and 
proof  against  decay,  far  more  easily  cleansed,  and, 
generally,  even  more  beautiful  than  those  which 
nature  furnished.  Once  the  human  hair  was  greatly 
esteemed,  but  for  years  it  has  been  superseded  by 
artificial  creations.  Last  year,  we  met  a  gentleman 
who  flourished  with  a  wax  nose,  which  answered 
many  of  the  purposes  of  the  former  protuberance,  and 
some  purposes  in  addition.  It  did  not  hurt  his  feel- 
ings to  have  it  tweaked  ;  and  he  could  bump  his  nose 
with  impunity  against  open  doors,  when  fumbling 
about  in  the  night.  To  be  sure,  he  could  not  take 
snuff  with  it,  nor  use  it  for  smelling.  But  is  it  not  a 
fair  question,  at  any  rate,  for  all  that  live  in  cities, 
whether  men  do  not  encounter  more  disagreeable 
odors  than  pleasing  ones  ?  so  that  the  loss  of  smell 
will,  on  striking  a  balance,  prove  a  decided  gain  ! 

For  the  eye  there  have  been  invented  such  admi- 
rable substitutes  that  no  one  would  suspect  that 
the  tender  glances  were  but  the  reflections  of  glass 
orbs.     A  glass  eye  is  not   subject  to   inflammation, 


74  SCIENCE   RECOKD. 

and  is  not  disturbed  by  specks  and  cinders,  and  is  just 
as  comfortable  in  a  smoky  room  as  in  the  clear  air. 
The  only  defect  that  we  have  ever  heard  mentioned 
is  the  suspension  of  the  function  of  vision.  It  must 
be  admitted  that  a  regular  natural  eye  sees  better 
than  a  glass  one,  but  the  latter  often  looks  better. 

But  to  return  to  our  leg.  About  a  year  ago,  a 
country  parson  in  England  borrowed  a  leg  of  an 
American  gentleman,  and  found  it  so  admirable  that 
he  grew  discontented  with  any  thing  manufactured  in 
England.  But  the  gentleman,  on  going  away,  took 
his  leg  with  him.  Our  parson  had  neglected  to  in- 
quire the  source  of  the  exquisite  bit  of  machinery. 
In  his  perplexity  he  wrote  to  me,  describing  the  di- 
lemma, and  asking  advice  as  to  the  best  kinds  of 
American  legs.  The  other  day  I  received  the  follow- 
ing jubilant  letter,  which  needs  no  explanation : 

October  7,  1871. 

My  Dear  Sir  :    I  can  not  refrain  from  writing  you 

a  line  of  thanks  for  introducing  me  to  the Liml? 

Company, 

Dr. kindly  made  an  abatement  of  ten  pounds 

in  the  price,  seeing  that  I  am  only  a  poor  parson  ; 
and  he  has  sent  me  such  a  leg  as  I  never  had  before. 
It's  a  perfect  treat  to  wear  it,  and  really  is  enough  to 
make  one  wish  to  live  a  few  years  longer  for  the  plea- 
sure of  it.  If  I  were  a  few  years  younger,  I  should 
try  to  cross  the  herring-pond  and  show  you  how  I 
can  stump  about. 

With  many  thanks  to  you  and  Mr. for  the 

comfort  I  enjoy, 

I  am  yours  faithfully,  H.  Q. 

How  few  there  are  whose  leg  of  flesh  and  blood 


ARE   LEGS   A   MISTAKE  ?  75 

gives  such  joy  as  this !  Consider  how  much  annoy- 
ance one  suffers  in  a  lifetime  from  a  leg.  As  a  boy, 
one  stubs  his  toes,  has  chilblains  in  winter,  in  summer 
gets  slivers  into  his  feet,  or  cracks  under  his  toes,  or 
blisters.  How  many  colds  come  from  wet  feet,  and 
how  much  discomfort  in  traveling,  in  church,  or  in 
bed,  one  experiences  from  cold  feet !  An  artificial 
leg  is  a  sovereign  remedy  for  all  these  ills.  One  may 
kick  against  the  pricks  with  impunity.  He  may 
leave  his  leg  out  doors  all  night  without  a  chill.  If 
the  leg  chooses  to  get  wet,  nobody  catches  cold  on 
that  account.  As  one  gets  old  and  fat,  how  exceed- 
ingly inconvenient  to  pare  his  toe  nails.  But  in  the 
reformed  leg  there  are  no  toes  ;  and  if  there  were,  the 
leg  could  be  unshipped,  and  any  little  tinkering  done 
without  stooping.  Then,  too,  there  is  no  rheumatism 
in  artificial  legs.  An  alderman  might  feed  full  every 
day  without  the  dread  of  gout.  We  recommend 
H.  Q.  to  dispense  with  the  remaining  fleshly  leg,  and 
to  secure  another  of  the  improved  sort.  It  will  then 
make  no  difference  if  the  bedclothes  should  be  pulled 
up  and  leave  the  feet  bare.  He  could  take  off  his 
feet  on  retiring  and  put  them  by  the  fire,  and  by  this 
reduction  in  length  he  would  require  not  near  so  long 
a  bed — a  thing  not  to  despised  on  sleeping-cars  or  in 
ships'  berths,  which  are  always  made  for  short  men, 
but  used  for  long  ones. 

Even  if  one  should  indulge  in  the  pastime  of  foot- 
ball, or,  in  emergency,  should  take  an  offending 
neighbor  in  place  of  a  football,  how  plump  and  solid 
the  kick  from  an  artificial  foot,  compared  with  the 
milder  stroke  of  a  fleshly  one  ! 

How  many  evils  men  of  nimble  limbs  suffer  from 
the  requisitions  of  others.    No  one  would  be  teased 
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to  dance  against  his  will.  A  man  set  up  upon  a  pair 
of  artificials  would  not  be  sent  of  errands.  No  one 
would  say,  "  Do  now,  like  a  kind  fellow  as  you  are, 
just  run  down  to,"  etc. 

In  crowded  meetings,  one  would  not  mind  having 
his  toes  stepped  on,  no  matter  if  the  blundering  fellow 
weighed  a  ton.  There  would  be  no  corns,  though  the 
boots  were  ever  so  tight. 

Indeed,  as  I  write  the  theme  expands.  I  find  my- 
self wondering  why  legs  were  ever  born  to  men  at  all. 
How  much  better  to  possess  members  that  defy  all 
sensibility,  all  fatigue,  all  bruising,  burning,  wetting, 
and  aches  and  pains  of  every  sort !  Do  you  not 
begin  to  feel,  Mr.  Bonner,  that  legs  were  a  mistake  ? 

Henry   Ward   Beecher. 


LEATHER  COEDS— HOW  TO  MAKE. 

Cut  a  perfectly  circular  piece  of  leather,  then  cut  it 
a  little  way  round  (two  or  three  inches)  with  a  knife 
to  start  it.  Then  take  a  piece  of  wood  two  and  a 
half  or  three  inches  long,  and  cut  a  step  in  the  under 
side  like  A  in  the  diagram,  and  nail  it  to  a  board,  the 
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cut  side  down.  Then  put  the  leather  under  it  like  B, 
and  stick  a  sharp  knife  down  on  the  side  with  the 
edge  next  the  block,  about  one  tenth  of  an  inch  from 
the  shoulder,  and  draw  the  little  piece  of  leather  that 
has  been  started  through  between  the  knife-blade. 
Continue  drawing  till  the  leather  is  all  reduced. 

In  order  to  make  the  leather  cord  round,  soak  it  in 
water,  twist  slightly,  and  roll  it  between  two  boards. 


NEW-ZEALAND. 


New-Zealand  is  rapidly  strengthening  her  inter- 
course with  the  outside  world.  The  settlement  of  Ca- 
lifornia has  been  of  great  service  to  her  in  this  re- 
spect, and  her  relations  with  San  Francisco,  and 
through  her  with  the  globe  at  large,  are  rapidly  deve- 
loping. A  large  graving-dock  has  been  constructed 
at  Port  Chalmers,  and  was  lately  opened  with  the 
usual  ceremonies.  That  place  is  to  be  the  rendezvous 
of  the  new  line  of  steamers  to  San  Francisco,  and 
railroads  are  in  progress  to  connect  it  with  other  im 
portant  places  on  the  island.  The  introduction  of  the 
iron  horse  into  those  islands  will  accelerate  the  doom 
of  the  unfortunate  Maoris.  The  shriek  of  the  en- 
gine through  the  native  villages  is  to  them,  as  to  our 
aborigines,  a  death-knell.  In  some  half  a  dozen  de- 
cades, every  native  New-Zealander  will  have  been 
swept  away,  and  the  race  have  become  as  totally  ex- 
tinguished as  the  aborigines  of  the  sister  colony  of 
Tasmania. 
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ONE  THOUSAND  FEET  DOWN. 

I  put  on  an  old  snit  of  clothes,  and,  with  the  su- 
perintendent of  the  Crown  Point  Mine,  dropped  sud- 
denly down  a  perpendicular  shaft  1000  feet  into  the 
earth.  The  temperature  was  at  more  than  100  de- 
grees Fahrenheit,  and  the  miners  were  sweltering  at 
their  labor,  like  the  workmen  at  a  rolling-mill.  The 
only  air  they  get  to  breathe  is  forced  down  in  air- 
pumps  from  above,  and,  with  the  best  appliances,  the 
thermometer  rarely  goes  below  100  degrees,  and  from 
that  to  110,  and  sometimes  120.  I  asked  the  super- 
intendent how  men  could  stand  it,  to  work  in  such  a 
temperature.  "  They  have  to  stand  it,"  said  he. 
"  Sometimes  a  fellow  faints,  and  has  to  be  hoisted  up, 
but  generally  they  sweat  it  through."  "  Is  it  not  un- 
healthy I"  I  asked.  "  On  the  contrary,  it  seems  to  be 
very  healthy.  Men  are  rarely  sick  who  work  in  the 
mines,  and  they  are  never  troubled  with  the  ordinary 
colds  that  so  annoy  us  poor  devils  above  ground." 
"  "What  wages  do  they  get  ?"  "  Four  dollars  a  day." 
"  How  many  hours  do  they  work  ?"  "  Eight  hours  at 
a  time.  There  are  three  relays  in  every  24  hours,  and 
the  work  goes  on  day  and  night,  without  stopping." 
"  How  much  further  down  do  you  suppose  this  vein 
goes  ?"  "  I  don't  know ;  but  the  probabilities  are 
that  we  shall  never  be  able  to  reach  the  end  of  it." 
"  And  it  grows  warmer  the  further  you  go  ?"  "  Yes  ; 
warmer  and  warmer."  I  have  always  had  an  indefi- 
nable horror  of  going  down  in  this  direction,  where 
it  is  "  warmer  and  warmer ;"  and  so  I  said  to  my  po- 
lite friend,  that  I  was  satisfied  with  the  show,  and  that 
if  he  was  ready,  we  would  ascend. 
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LABKADOR 

The  length  of  the  entire  territory,  from  north  to 
south,  is  about  seven  hundred  miles,  with  a  breadth  of 
four  hundred  and  eighty — nearly  double  the  extent 
•of  Newfoundland,  to  which  the  greater  part  of  it  be- 
longs. Of  Labrador,  the  writer  says  that  it  is  "  one 
of  the  most  uninviting  regions,  as  an  abode  of  civi- 
lized man,  on  the  face  of  the  earth.  The  climate  is 
savage,  the  snow  lying  from  September  to  June ;  the 
coast  in  winter  is  blockaded  by  ice-fields,  drifting  from 
Baffin's  Bay  ;  and  in  summer  the  glittering  icebergs, 
stranded  or  floating,  impart  a  stern  beauty  to  the 
grim  and  rocky  shores.  Storms  of  a  terrific  charac- 
ter are  frequent.  The  soil  is  barren,  and  but  for  its 
valuable  fisheries  of  cod,  seals,  and  herring,  there 
would  be  few  inducements  to  visit  these  savage 
shores.  The  table-land  of  the  interior  is,  at  one 
place,  2240  feet  above  the  ocean.  Professor  Hind, 
who  explored  a  portion  of  the  interior,  says,  "  It  is 
preeminently  sterile ;  and  where  the  country  is  not 
burned,  cariboo  moss  covers  the  rocks,  with  stunted 
spruce,  birch,  and  aspen  in  the  hollows  and  deep  ra- 
vines. The  whole  of  the  table-land  is  strewn  with 
an  infinite  number  of  bowlders,  sometimes  three  and 
four  deep.  These  singular  erratics  are  perched  on 
the  summit  of  every  mountain  and  hill,  often  on  the 
edges  of  cliffs ;  and  they  vary  in  size  from  one  foot 
to  twenty  feet  in  diameter.  Language  fails  to  paint 
the  awful  desolation  of  the  table-land  of  the  Labra- 
dor peninsula."  With  the  exception  of  a  few  widely- 
separated  posts  of  the  Hudson's  Bay  Company,  and  a 
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score  of  settlements  on  the  St.  Lawrence  and  Atlantic 
coasts,  the  peninsula  is  uninhabited  by  civilized  men. 
Sportsmen  will,  however,  find  no  lack  of  gam  e,  while 
the  botanist  and  geologist  will  never  be  at  a  loss  for 
new  subjects  to  study. 


CLOUD  TELEGRAPH. 

Humboldt  was  the  first  to  direct  attention  to  the 
delicate,  uniformly-broken  groups  of  clouds  and 
cloud-striae,  and  to  describe  them  under  the  name  of 
polar  bands.  Over  North-west  Germany  polar  bands 
extend  from  south  to  north,  and  also  from  south - 
south-east  to  north-north-west,  then  change  slowly  into 
the  position  from  south-south-west  to  north-north-east ; 
and,  not  unfrequently,  the  vanishing-points  move  still 
further  to  the  east  and  west  points.  To  the  author  of 
the  Cosmos,  no  relation  seemed  likely  between  the 
polar  bands  and  the  upper  currents  of  air.  He  says, 
"And  I  can  not  ascribe  the  progress  (of  these  vanish- 
ing-points) to  the  change  in  the  current,  in  the  highest 
regions  of  the  atmosphere." 

When  such  polar  bands  appear  over  Europe,  the  te- 
legraphic weather-reports  at  present  make  it  possible 
to  compare  the  simultaneous  condition  of  the  atmo- 
sphere over  the  whole  of  Europe.  By  this  compari- 
son I  have  found  that  an  area  of  storm,  even  if  still 
far  distant,  is  simultaneously  present  in  all  cases, 
where  decided  polar  bands  and  their  vanishing-points 
in  the  horizon  are  shown.  The  polar  bands  are  pre- 
sent then  on  the  extreme  limits  of  the  storm  area, 
and  have  a  tangential  direction  to  its  limiting  line. 
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While  the  weather  is  still,  quiet,  and  beautiful  in  the 
lower  regions  of  the  atmospheric  ocean,  the  polar 
bands  already  indicate  the  currents  of  air  in  the 
higher  strata.  The  gradual  change  to  eastward  of 
the  vanishing-points  of  the  bands,  pointing  north  and 
south,  is  the  consequence  of  the  progress  of  the  cen- 
tre of  the  storm.  When  the  latter  moves  from  the 
west,  over  the  Atlantic  ocean,  (toward  Holland,)  the 
polar  bands  have  the  direction  from  south  to  north  at 
the  first  approach  of  the  storm  area.  If  the  centre 
of  the  storm  and  the  bands  themselves  advance  to- 
ward the  north-east,  then  also  the  apparent  direction 
of  the  latter  alters  in  a  corresponding  manner  ;  and, 
since  they  are  at  right  angles  to  a  line  drawn  toward 
the  storm-centre,  they  show  to  the  observer  the  direc- 
tion in  which  such  a  storm-area  lies,  though,  in  many 
cases,  Rve  hundred  to  a  thousand  miles  distant,  as  well 
as  that  in  which  it  progresses.  If  the  storm-area 
does  not  pass  to  one  side  of  the  observer,  but  the  cen- 
tre approaches  him  more  or  less  directly,  then  always 
twenty-four  to  thirty-six  hours  elapse  before  the  arri- 
val of  the  storm.  The  storms  thus  announce  them- 
selves telegraphically  by  means  of  the  polar  bands. 
The  remaining  uncertainty  with  respect  to  their  paths 
which  may  still  prevail  is  removed  in  the  customary 
manner  by  the  barometric  observations.  With  the 
fine  cirrus  filaments,  when  these  appear  isolated,  the 
polar  bands  form  on  the  celestial  hemisphere  a  confi- 
guration similar  to  that  of  the  marks  and  stripes  on 
the  surface  of  a  melon ;  and  they  always  converge 
toward  two  opposite  points  in  the  horizon. 
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ASTRONOMICAL  PHOTOGRAPHS. 

Me.  Proctor,  of  England,  is  preparing  for  the 
press  a  work  on  the  moon,  founded  on  and  illustrated 
by  the  exquisite  photographs  of  Mr.  Lewis  M.  Ruther- 
ford, of  E"ew-York,  whose  skill  in  precise  mechanism 
and  in  all  that  relates  to  celestial  photography  is  so 
well  known  at  home  and  appreciated  abroad.  Mr. 
Rutherford's  success  has  been  achieved-  by  a  minute 
and  laborious  attention  to  the  adjustment  of  his  tele- 
scope and  to  the  lubrication  and  regulation  of  its 
moving  parts,  while  the  actinic  focus,  which  differs  in 
position  from  the  visual  one,  has  been  obtained,  in 
the  first  instance,  by  experiment  when  the  iron  tube 
of  the  telescope  had  a  determined  temperature,  and 
has  been  recovered  at  any  other  temperature,  from 
the  known  rate  of  the  expansion  of  the  tube,  the 
photographic  plate  being  moved  a  corresponding  dis- 
tance by  means  of  a  micrometer-screw.  His  preemi- 
nent success  has,  however,  been  mainly  due  to  his 
patient  work  in  forming  a  lens,  to  the  principal  focus 
of  which  are  conveyed  the  photographic  instead  of 
the  visual  rays. 

Some  idea  may  be  formed  of  the  labor  and  delicacy 
of  this  operation  when  it  is  known  that  every  correc- 
tion that  the  lens  required  in  the  process  of  its  con- 
struction was  determined  by  taking  photographs 
either  of  the  star  Sirius  or  of  Yega,  and  any  irregu- 
larity in  the  photographic  impression  of  the  star  de- 
manded a  particular  abrasion  to  be  applied  to  the 
surface  of  the  lens  before  the  next  photograph  was 
taken.     If  this  process  of  correction  is  found  labori- 
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ous  when  applied  to  the  visual  rays,  which  can  be 
directly  seen  and  studied,  how  much  more  so  is  it 
when  applied  to  the  correction  of  the  actinic  rays, 
when  the  telescope  has  to  be  driven  with  absolute 
precision  by  delicately-adjusted  clock-work  during 
exposures  of  the  plate,  lasting  several  minutes  for  each 
photographic  plate  obtained  \ 

With  this  telescope,  photographs  of  the  Pleiades 
have  been  obtained ;  each  star  of  the  group,  of  about 
thirty  components,  appearing  as  a  clear,  round  dot. 
Alcyone,  the  principal  star  of  the  cluster,  gives  an 
impression  exactly  like  a  period  of  punctuation  in 
diamond  type,  while  the  photographic  images  of  the 
other  stars  diminish  with  their  apparent  magnitude, 
as  determined  by  the  eye.  Plates  so  secured  are 
permanent  records  of  the  heavens,  and  can  be  studied 
micrometrically  at  leisure ;  the  result  of  a  few  mea- 
sures on  such  plates  being  of  more  value  than  long 
series  of  observations  made  by  the  eye  with  the  Qui- 
nary micrometric  eye-piece.  The  scientific  men  of  all 
countries  will  look  to  the  measures  in  the  plates  as 
affording  them  the  best  data  for  solving  that  most  re- 
fined of  all  astronomical  problems,  the  determination 
of  the  parallax  and  distance  of  a  fixed  star. 


IMPROVEMENT   IN  EARTH-CLOSETS. 

A  vert  simple  and  excellent  improvement  was 
patented  in  this  country  during  the  past  year,  by 
M.  Goux,  of  Paris,  France,  which  promises  to  give 
a  new  impetus  to  the  earth-closet  system,  and  widely 
extend  its  employment. 


84 


SCIENCE    EECOKD. 


The  earth-closet,  as  commonly  made,  consists  of  a 
tub   or   holding-vessel,  to   receive   the   excreta,   and 

another  vessel  or  holder 
containing  dry  earth ; 
there  is  also  a  lever  and 
valve  arrangement,  so 
connected  with  the  earth- 
chamber  that  when  the 
lever  is  operated  a  small 
quantity  of  earth  is 
thrown  down  upon  the 
excreta,  which  is  thus  deodorized.  This  plan,  al- 
though valuable,  is,  in  practical  use,  attended  with 
some  little  trouble,  as  the  chambers  must  be  frequent- 
ly looked  after,  the  contents  of  one,  when  full,  re- 
moved, and  the  other  chamber  filled  when  empty. 

The  improvement  of  Goux  consists  in  lining  the 
interior  wall  of  the  tub  or  excreta -holder  A  with 
earth,  or  any  other  suitable  deodorizing  absorbent 
B ;  and  thus  prepared  it  is  ready  for  use,  requiring 
no  further  attention  until  it  becomes  tilled,  when  its 
contents  are  removed  to  the  ma- 
nure heap,  and  a  fresh  earth  lining 
substituted.  The  lining  is  easily 
formed  by  means  of  a  hand-mould 
C,  which  is  placed  within  the  tub 
A,  and  the  earth  is  then  packed  in 
between  the  mould  C  and  the  tub 
A.  The  earth  lining  B  absorbs 
the  noxious  effluvia  and  liquids, 
and  the  closet  thus  made  is  odorless.  There  is  no 
machinery  about  it.  It  is  admirably  fitted  for  family 
use,  and  it  presents  this  striking  advantage,  that  its 
products  form  a  manure  of  the  highest  value,  which 
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may  be  collected  and  transported  without  nuisance  to 
any  body.  The  product  is,  in  fact,  odorless,  although 
it  is  a  rich  fertilizer. 

This  form  of  earth-closet  has  been  extensively  intro- 
duced in  London,  where  a  company  has  been  formed 
and  a  large  and  profitable  business  inaugurated. 
The  company  employs  a  large  number  of  drays  and 
men,  who  go  around  to  regular  customers,  removing 
the  filled  tubs  and  substituting  fresh  ones,  a  work  of 
only  a  minute  in  each  case,  with  nothing  disagreeable 
about  it.  The  fertilizer  thus  produced  and  collected 
brings  the  highest  prices,  and  the  demand  is  much 
greater  than  the  supply.  In  this  country  the  inven- 
tion is  now  being  introduced,  and  may  be  seen  in 
operation  at  the  establishment  of  A.  L.  Osborn,  424 
Canal  street,  New- York. 


COMBINED       THIMBLE       AND       NEEDLE- 
THKEADEE. 

A  neat  little  device  for  rapidly  and  easily  thread- 
ing needles,  is  shown  in  the  accompanying  engraving, 
and  is  the  invention  of  Alexander  Hunter,  of  Buffalo, 
N.  Y.     It  consists  of  a  piece  of  metal  so  bent  that  the 


86 


SCIENCE   RECORD. 


needle  may  be  thrust  between  the  two  limbs  of  the 
instrument  till  its  eye  rests  beneath  a  funnel-shaped 
hole  which  guides  the  end  of  the  thread  into  the  eye 
of  the  needle.  It  is  a  useful  and  tasty  little  instru- 
ment,   calculated    to    save    eyes    and    improve   the 

temper. 

•  ♦  » 

PUMP,  WITHOUT  VALYES  OK  STOP-COCKS. 


TUTE,  CINCINNATI,  OHIO. 

A  glass  tube  A  B,  of  such  size  as  may  be  desired, 
is  drawn  out  at  one  end  B,  and,  by  means  of  a  stout 
rubber  tube,  is  connected  with  a  mercury  reservoir  C. 
A  rubber  cork  at  the  end  A 
carries  two  tubes;  one  D  lead- 
ing from  the  vessel  to  be  ex- 
hausted to  the  bottom  of  AB, 
the  other  from  the  top  of  A  B 
to  a  beaker  Gr  containing  a  lit- 
tle mercury,  the  height  F  E  be- 
ing about  30  inches. 

When  the  reservoir  C  is  raised, 
the  mercury  entering  B  C  closes 
the  lower  end  of  the  tube  D, 
and  expels  all  the  air  contained 
in  A  B  by  the  tube  E  E,  and,  in 
tact,  is  allowed  to  fill  and  flow  through  EF  for  a 
moment.  On  depressing  the  reservoir,  the  mercury 
descends  in  A  B,  and  leaves  a  vacuum,  into  which  air 
flows  from  D ;  E  F  being  over  30  inches  in  height, 
the  mercury  in  F  rises  in  it,  but  no  air  can  enter  by 
that  way.  To  render  the  joints  at  A  tight,  a  little 
mercury  is  run  in  over  the  rubber  cork. 
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CONVENIENT  MILKING-STOOL  AND  PAIL- 
HOLDEE. 

The  object  of  this  improvement  is  to  hold  the  pail 

near  the  bag  of  the  cow,  so  that  the  milk  shall  not  be 

lost  by  spraying,  as  is  the  case  when  the  pail  rests 

'  upon    the    ground,    to 

keep  the  pail  from  be- 

^g=^^      ing  soiled  on  the  bot- 

^y^(teSKj|ytt  tached  an   arm  with  a 

^^  circular  frame   at  the 

end  to  support  the  pail. 
The  weight  of  the  milker  on  the  stool  counterbal- 
ances that  of  the  milk-pail. 

By  the  use  of  this  simple  article,  milk  is  saved*  and 
also  preserved  from  filth,  the  bucket  is  out  of  the  way 
of  the  cow's  tail,  and  she  can  not  kick  it  over.  At 
the  same  time  much  fatigue  is  saved  to  the  milker. 


THE  BUENED  MONEY  OF  CHICAGO.    HOW 
IT  WAS  IDENTIFIED  AND  EEISSUED. 

By  the  great  conflagration  at  Chicago,  in  October 
of  last  year,  millions  of  paper-money  and  stamps  were 
consumed  or  reduced  to  ashes.  Most  of  the  supposed 
fire-proof  safes  proved  worthless,  being  unable  to 
stand  the  prolonged  and  fierce  heating  to  which  they 
were  subjected.    In  all  cases  where  government  paper- 
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money  or  stamps  were  burned,  if  the  charred  remains 
thereof,  in  unbroken  condition,  were  presented  to  the 
U.  S.  Treasury,  new  notes  and  stamps  were  issued 
therefor,  and  thus  many  a  poor  person  was  rendered 
happy. 

The  ashes  of  a  burned  dollar  bill,  if  undisturbed, 
present  unmistakable  evidences  of  their  origin.  The 
handwriting  of  the  signers,  the  dates,  the  engravings, 
the  denominations,  all  leave  their  ashes  upon  the 
charcoal  of  the  paper,  and  thus  the  note  may  be 
identified. 

The  following  is  a  description  of  the  method  adopted 
at  the  Treasury  Department,  Washington,  to  separate 
and  identify  the  burned  money  from  Chicago : 

"  And  here  I  would  give  a  word  of  warning.  Any 
body  is  liable  to  be  burnt  out ;  any  fire-proof  safe  is 
subject  to  being  brought  under  the  test  of  extreme 
heat,  and  its  contents  roasted,  so  that  all  persons 
having  notes,  bonds,  or  postage  stamps  put  away  for 
safe-keeping,  should  take  the  precaution  to  keep  them 
spread  out  their  full  size,  one  placed  neatly  over  the 
other,  and,  in  case  of  an  accident  or  calamity  such  as 
that  of  Chicago,  very  little  will  be  lost  in  the  process 
of  redemption.  All  notes,  whose  value  can  be  made 
out,  are  redeemed  at  full  value.  There  is  no  discount 
on  burnt  money.  The  safes  or  the  boxes  contain- 
ing the  money  are  sent  at  once  from  the  Treasurer's 
office  to  the  ladies,  whom  long  experience  has  proved 
qualified  for  the  delicate  and  difficult  task  of  handling 
it  and  deciphering  its  value. 

"  I  was  shown  to  the  room  occupied  by  the  ladies 
employed  on  the  burned  money :  shall  I  call  it  cinder- 
cates?  This  room  is  very  large  and  pleasant,  and 
was  selected   because,  having  a  southern  exposure, 
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with  nothing  near  to  intercept  the  light,  it  has  special 
advantages  for  this  kind  of  work,  which  needs  the 
.  strongest  light  possible.  The  charred  packages  of 
money,  which  have  been  almost  reduced  to  cinders, 
and  which  crumble  at  the  slightest  touch,  are  brought 
to  the  ladies  skilled  in  dealing  with  such  cases.  The 
contents  of  a  safe  which  was  in  Adams  Express  Com- 
pany's building,  in  Chicago,  were  being  counted 
when  I  went  in.  There  were  national  bank  notes, 
United  States  Treasury  bonds,  nickels,  railroad  bonds, 
and  postage-stamps  upon  the  tables.  All  these  must 
be  sorted  and  arranged,  counted,  and  the  value  esti- 
mated. Such  work  as  this,  as  may  easily  be  believed, 
is  no  light  task.  The  notes  are  baked  to  a  crisp,  and 
are  perfectly  black,  and  the  idea  of  separating  them 
and  deciphering  the  engraving  on  their  faces  seems 
at  first  utterly  absurd.  Some  of  the  packages  are  in 
tolerable  order  ;  in  other  cases,  three  or  four  hundred 
notes,  which  have  been  carelessly  thrown  into  a  box, 
are  so  melted  together  that  it  seems  impossible  to 
separate  them ;  in  others,  bonds  have  been  tied  up  in 
a  roll  for  convenience'  sake,  and  are  in  the  worst  con- 
dition possible  to  be  separated. 

"  The  ladies  take  the  money  carefully  from  its  re- 
ceptacles, and  proceed  to  separate  the  notes  with  the 
utmost  skill.  Those  notes  which  are  so  far  gone  that 
they  crumble  at  the  slightest  touch,  have  their  cin- 
ders carefully  pasted  together  on  sheets  of  tissue 
paper.  Great  care  is  taken  to  prevent  the  loss  of  a 
single  note.  The  ladies  are  supplied  with  various 
aids  in  their  work.  Each  has  a  magnifying  glass,  and 
several  small,  thin,  sharp  steel  instruments,  with  flat 
blades,  which  last  are  indispensable  in  separating  the 
notes.     With  national  bank  notes,  the  name  of  the 
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State,  the  bank,  and  the  denomination  of  the  note 
must  be  deciphered,  that  the  money  may  be  re- 
turned to  the  banks  which  issued  it  for  redemption. 
The  counter  certifies  to  the  number  of  packages,  of 
pieces,  denomination,  and  the  total  amount.  In  the 
case  of  the  Treasury  notes,  the  counter  furnishes  a 
schedule  for  the  office  of  the  Secretary  of  the  Trea- 
sury, another  for  the  Treasurer,  and  a  third  for  the 
Register.  These  schedules  are  carefully  looked  over 
in  these  bureaus,  signed,  and  afterward  the  notes  are 
burned  in  the  presence  of  representatives  of  the  three 
officers  above  named.  This  work  is  not  only  compli- 
cated, but  imposes  great  responsibility  upon  those  hav- 
ing it  to  do ;  nevertheless,  it  is  proper  to  state  that 
the  ladies  only  receive  but  $900  per  annum  for  their 
labor. 

"  The  postage-stamps  found  in  the  express  safes  are 
arranged,  counted,  and  returned  to  the  General  Post- 
office  ;  the  railroad  bonds  are  returned  to  the  railroad 
companies  who  issued  them.  The  national  bank 
notes,  after  being  returned  to  the  banks  which  issued 
them,  are  sent  to  the  agents  of  the  banks  in  Washing- 
ton, and  by  them  sent  to  the  office  of  the  Comptroller 
of  the  Currency  in  the  Treasury  Department.  In  the 
redemption  division  of  this  office  they  are  counted  by 
ladies — one,  a  representative  of  the  Secretary;  a 
second,  a  representative  of  the  Comptroller ;  a  third, 
a  representative  of  the  Treasurer;  and  lastly,  by 
the  agent  of  the  bank — making  four  countings  in  all. 
Accuracy  is  thus  secured,  and  each  counter  is  a  check 
upon  the  rest.  Afterward  the  certificates  are  signed 
by  gentlemen  representing  the  officers  above  named, 
and  the  money  is  taken  in  strong  boxes,  securely 
locked,  to  be  burned,     There  is  a  considerable  degree 
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of  ceremony  attending  upon  the  burning  of  the  notes, 
although  they  have  already  been  canceled  and  re- 
duced to  the  value  of  waste-paper.  The  representa- 
tives of  the  officers  named  and  the  agent  of  the  bank 
whose  notes  are  to  be  burned  go  down  into  the  cellar 
of  the  Treasury  building,  into  a  small  room  resembling 
a  prison-cell  more  than  any  thing  else.  The  furnace 
resembles  an  oven,  and  is  set  in  the  wall.  It  has  an 
iron  door,  which  is  fastened  with  three  padlocks. 
Each  lock  will  open  only  to  its  own  key.  The  gentle- 
men acting  as  representatives  of  the  three  officers 
before-mentioned  have  each  a  key,  and  each  in  turn 
unlocks  the  padlock  which  his  key  fits.  The  boxes 
containing  the  money  are  opened  by  the  Secretary's 
representative;  the  messenger  in  attendance  sweeps 
back  the  ashes  of  yesterday's  burning,  piles  shavings 
in  the  furnaces,  throws  in  a  package  of  notes  as  a  first 
offering,  closes  the  furnace  door,  and  the  fire  begins 
to  roar.  The  door  is  opened  again,  and  package  after 
package  of  notes  is  thrown  in;  mutilated  notes,  de- 
faced and  time-worn  notes,  and  the  charred  relics  of 
the  Chicago  disaster  are  tossed  in.  There  is  a  species 
of  excitement  in  throwing  money  into  the  fire.  There 
is  a  dash  of  recklessness  in  it  which  is  fascinating  to 
sober-minded  persons  accustomed  to  economy.  I 
know  of  no  better  way  to  ease  one's  mind,  after  being 
forced  to  look  twice  at  every  penny  before  spending 
it,  than  to  be  allowed  to  participate  in  the  increma- 
tion of  that  money-god  which  has  been  tormenting 
you.  You  have  your  revenge  on  yourself  for  your 
enforced  niggardliness,  and  on  the  dire  necessity 
which  has  caused  your  straits.  It  is  almost  exhila- 
rating to  toss  $20,000  that  doesn't  belong  to  you  into 
the  flames.    Nothing  equals  it  except,  perhaps,  Arte- 
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raus  Ward's  self-sacrifice  in  sending  his  wife's  rela- 
tives into  the  army. 

"  After  all  the  money  is  thrown  in,  the  door  of  the 
furnace  is  locked  with  the  same  ceremony  with  which 
it  was  unlocked,  and  the  money  is  left  to  burn  alone." 


STRENGTH  OF  ROPES. 

Wire  rope  has,  in  many  instances,  superseded  hemp 
rope,  and  with  good  success,  as,  for  the  same  size,  the 
former  is  considerably  stronger,  and  will  stand  wear 
and  tear,  and  the  influence  of  the  weather,  better 
than  the  latter,  especially  if  galvanized  iron  is  used, 
or  if  the  rope  is  kept  well  protected  by  tar  or  paint- 
coating.  It  has  also  been  largely  introduced  for  the 
standing  rigging  of  vessels ;  and  therefore  the  hemp 
rope  manufacturers,  in  order  to  keep  their  own,  have 
recently  had  comparative  tests  made  between  the 
strength  of  the  two  kinds.  In  regard  to  ropes  of  the 
same  thickness  and  of  the  same  price,  the  following 
is  the  result  of  some  tests  at  the  Brooklyn  ISTavy- 
Yard,  made  June  28th,  1871,  by  means  of  a  hydraulic 
jack.  The  hemp  rope  was  of  the  best  quality,  and 
the  wire  rope  made  of  galvanized  charcoal  iron  wire : 


THICKNESS  OP  KOPE. 

1J-  inches 5  strands. 

2*     "      6       " 

3  "      0 

4  "      4       " 

5  "      0 


BREAKING   STRAIN. 

Hemp.  ...  0     Wire 5-J-  tons. 

0         "    ....7      " 
4£       "    ....0 
7£       "    ....0 
10*       "      ...0 


It  was  found,  as  was  to  be  expected,  that  for  ropes 
of  the  same  diameter  the  wire  rope  is  the  stronger ; 
but  for  ropes  of  the  same  price,  the  hemp  rope  is 
stronger,  and  thus  the  cheapest  in  the  first  instance. 
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The  constituencies  that  a  man  obtains  during  a 
busy  life  must  stand  as  conclusive  evidences  of  his 
usefulness.  Few  portraits  that  we  could  present 
would  be  contemplated  with  interest  by  constituen- 
cies more  numerous  and  various,  or  more  strongly 
attached,  than  that  of  General  Leggett,  our  present 
Commissioner  of  Patents.  He  is,  withal,  though 
verging  upon  his  fiftieth,  year,  just  at  his  prime,  and 
in  long  years  to  come  is  undoubtedly  destined  to 
prove  to  constantly  widening  circles  of  friends  the 
wisdom  of  those  who,  from  his  youth,  have  discerned 
and  declared  his  worth.  He  is  of  the  peculiar  rare 
stock  that  matures  early  and  lasts  long.  The  record 
of  his  past  life  is  as  interesting  as  it  is  honorable.  As 
lawyer,  educator,  soldier,  business  man,  and  chief  of 
a  great  administrative  bureau,  he  has  so  invariably 
sought  the  best  ways  of  doing  things,  so  considerately 
studied  the  needs  and  interests  of  those  whose  welfare 
was  his  charge,  and  so  firmly,  wisely,  and  justly  ex- 
ercised authority  and  acquitted  himself  of  trusts,  that 
there  are  none  to  dispute  the  well-earned  honors  that 
come  to  him,  and  none  who  can  say,  "  I  have  more 
friends."  The  Paten t-Ofnce  has  many  "  models ;" 
but  none  so  valuable  for  the  contemplation  of  youth 
as  the  man  who  is  at  the  head  of  it,  whose  whole  life 
has  been  a  constant  example  of  strict  sobriety,  stead- 
fastness, energy,  courage,  and  unspotted  integrity. 
To  his  temperance  and  wholesome  activity  he  owes 
the  preservation,  unimpaired,  of  an  originally  fine 
physique — one  that  was. needed  for  the  support  of  the 
great  brain  indicated  by  the  likeness  on  page  94. 
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General  Mortimer  D.  Leggett  was  born  of  Quaker 
parents,  in  the  State  of  ]STew-York,  nearly  fifty  years 
ago.  At  an  early  age  lie  removed,  with  his  parents, 
to  that  great  nnrsery  of  liberal  ideas,  the  "Western 
Reserve,"  in  Ohio.  He  received  a  good  education  in 
the  school  and  academy  of  the  section,  and  studied 
law  with  the  late  Judge  Peter  Hitchcock,  eminent  in 
the  profession  throughout  the  Middle  States.  Young 
Leggett  was  admitted  to  the  bar  at  twenty-two  ;  but 
did  not  begin  practice  in  the  courts  until  he  was  twenty- 
eight.  But  in  those  six  years  he  gave  evidence  of 
rare  maturity,  of  the  profound  and  liberal  bent  of  his 
mind,  by  earnestly  and  successfully  espousing  the 
cause  of  an  improved  system  of  public  schools  for  the 
State.  He  traveled  throughout  the  State,  addressing 
public  meetings  in  this  behalf;  and  to  him,  more  than 
to  any  other  person,  was  due  the  speedy  adoption  of 
the  excellent  system  which  has  continued  without 
material  change  to  the  present  day. 

At  twenty-eight,  he  began  the  practice  of  law  at 
Warren,  (Ohio,)  and  was  almost  immediately  establish- 
ed in  a  fine  business.  Jacob  D.  Cox,  who  subsequent- 
ly became  Secretary  of  the  Interior,  completed  his 
studies  under  him  here,  and  was  ultimately  taken 
into  partnership  under  the  firm-name  of  Leggett  & 
Cox.  General  Leggett  afterward  accepted  the  posi- 
tion of  Professor  of  Pleadings  and  Equity  Jurispru- 
dence in  the  Ohio  Law  College,  which  he  occupied 
until  1857.  Then  he  was  imperatively  called  to 
superintend  the  public  schools  of  the  thriving  city  of 
Zanesville,  and,  under  his  judicious  and  able  manage- 
ment, they  soon  became  preeminent  among  the  schools 
of  the  West. 

There  could  be  no  doubt  as  to  what  course  such  a  man 
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as  he  would  pursue  upon  the  outbreak  of  rebellion. 
He  at  once  allied  himself  with  the  party  of  the  gov- 
ernment and  the  Union,  and,  with  as  little  delay  as 
possible,  was  found  in  the  field  at  the  head  of  a  regi- 
ment, the  Seventy-eighth  Ohio.  The  regiment  receiv- 
ed its  "  baptism"  in  the  snow  and  sleet  at  Fort  Don- 
elson,  and  was  the  first  under  fire  there.  After  the 
capture  of  the  fortress,  General  Grant,  impressed  by 
the  fine  executive  and  administrative  abilities  of  Leg- 
gett,  as  shown  by  the  discipline  and  condition  of  his 
regiment,  appointed  him  provost-marshal  of  the  post, 
setting  for  him  the  difficult  task  of  reducing  the 
tumult  and  confusion  naturally  incident  to  the  cap- 
ture of  one  army  of  raw  volunteers  by  another. 
That  this  work  had  been  well  done,  was  subsequently 
proved  by  his  repeated  selection  by  the  general,  who 
never  made  a  mistake  in  the  choice  of  men,  for  other 
and  similar  important  duties.  More  than  that,  he 
won  the  warm  commendation  and  personal  regard  of 
his  chief,  at  whose  instance  he  was  soon  made  briga- 
dier-general. The  heavy  battle  of  Shiloh,  the  siege 
of  Corinth,  the  battles  around  and  the  siege  of  Vicks- 
burg  followed,  General  Leggett  constantly  being 
assigned  to  important  positions,  and  participating 
also  in  many  skirmishes  and  "  bushwhacking"  fights 
incident  to  his  frequent  location  at  advanced  posts, 
where  the  highest  discretion  and  trustworthiness  were 
requisite  in  the  commander.  In  the  siege  of  Yicks- 
burg,  General  Leggett  commanded  the  first  brigade 
of  Logan's  Division — the  brigade  which,  for  its  gallant 
service,  was  honored  by  being  designated  for  the 
coveted  distinction  of  marching  first  into  the  captured 
works.  Soon  after,  he  received  command  of  the 
division,  and  was  made  a  major-general.     There  fol- 
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lowed  a  period  of  raids  and  skirmishes  in  Mississippi 
and  Louisiana,  succeeded  by  the  grand  campaign 
against  Atlanta,  and  by  Sherman's  celebrated  "  march 
to  the  sea,"  in  which  General  Leggett  took  a  part 
that  seems  almost  too  recent  and  too  well  known  to 
need  further  account  here. 

There  are  many  who  will  say,  with  the  writer  of 
this — still  young  men — that  the  most  genial,  bene- 
ficent, and  valuable  influence  exerted  upon  them 
during  the  toilsome  campaign  and  the  dangerous 
periods  of  idleness  in  camp-life,  was  that  of  General 
Leggett,  who  ever  inspired  patience  by  his  unfailing 
good-humor,  and  persistence,  fidelity,  and  temperance 
by  his  precepts  and  lofty  example.  He  made  many 
a  dreary  march  seem  to  those  nearest  him  like  a  pic- 
nic excursion ;  and  his  quick  and  fearless  yet  sympa- 
thetic glance  often  inspired  the  sinking  heart  at  the 
moment  of  danger.  Beyond  this,  he  was  the  true 
soldier  in  caring  anxiously  for  the  comfort  of  his 
soldiers,  in  enforcing  rigid  discipline,  and  in  stimu- 
lating officers  and  men  to  excel  in  drill  and  all 
service. 

At  the  close  of  the  war  General  Leggett  became 
superintendent  and  business  manager  of  the  engine 
works  of  H.  &  F.  Blandy,  at  Zanesville  and  Newark, 
Ohio — the  largest  establishment  of  the  kind,  it  is 
believed,  in  the  West — and  so  continued  for  five 
years,  until  he  reluctantly  accepted  his  present 
position.  Keluctantly,  indeed ;  for  he  has  not  only 
never  been  an  office-seeker,  and  had  never  held  an 
office,  but  accepted  this  one  only  at  a  considerable 
sacrifice,  upon  urgent  repeated  invitations,  which 
seemed  to  admit  no  denial.  He  has  rendered  good 
service  in  the  several  political  campaigns  in  his  own 
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State  and  elsewhere,  and  had  he  chosen,  or  had  the 
art  to  convert  his  political  capital  to  his  own  advan- 
tage, would  long  ere  now,  no  doubt,  have  been  heard 
from  in  elective  positions  of  high  distinction. 

In  person,  General  Leggett  is  of  massive  mould — 
frame  and  brain.  He  has  the  muscles  of  a  Hercules — 
and  early  taught  them  their  use,  if  nowhere  else,  in 
frequent  geological  excursions  on  foot  through  the 
mountains  of  West- Virginia  and  elsewhere.  His 
second  son  joined  him  at  sixteen,  at  Vicksburg,  and 
thereafter  continued  in  service  upon  his  father's  staff, 
until  promoted  to  that  of  General  McPherson,  with 
the  rank  of  captain. 

The  administration  of  the  Patent-Office  by  General 
Leggett,  as  Commissioner,  has  been  in  the  highest 
degree  successful.  The  same  untiring  industry,  the 
same  fearless  integrity  that  have  characterized  him  in 
all  other  positions  of  life,  have  been  manifested  here. 
His  official  decisions  are  invariably  sound  and  forci- 
ble, exhibiting  a  ready  insight  into  the  salient  points 
of  inventions,  and  a  clear  perception  of  the  true 
intent  of  the  statutes.  He  gives  a  broad  and  liberal 
interpretation  to  the  patent  laws,  and  aims,  in  every 
case,  to  realize  their  obvious  purpose  and  intent, 
namely,  the  encouragement  of  the  useful  arts.  That 
he  may  long  remain  in  his  present  position,  which  he 
fulfills  with  such  marked  ability  and  wisdom,  is  the 
earnest  wish  of  all  who  have  any  interest  in  the 
affairs  of  the  Patent-Office. 


It  takes  thirteen  times  more  heat  to  raise  a  gallon 
of  water  up  to  a  given  temperature  than  to  raise  a 
gallon  of  mercury  to  the  same  temperature. 
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GAS-WELLS  OF  OHIO  AND  OTHEE  STATES. 

In  the  State  of  New- York,  at  Fredonia,  at  Erie, 
Pa.,  in  Ohio,  at  Painesville  and  Conneant,  and  at  other 
places  extending  westward  as  far  as  Detroit,  Mich., 
natural  flows  of  gas  have  been  discovered,  which  pro- 
mise to  be  of  great  value.  The  town  of  Fredonia, 
N.  Y.,  has  for  several  years  been  lighted  with  this 
natural  gas. 

The  sinking  of  successful  gas-wells  at  Painesville, 
Ohio,  has  been  accomplished  within  the  past  year. 
The  drilling  was  done  in  the  manner  of  the  Pennsyl- 
vania oil-wells  Two  gas-wells  were  first  bored,  one 
on  the  farm  of  C.  C.  Jennings,  the  other  at  the 
distance  of  a  mile,  on  the  Seminary  grounds.  In  the 
progress  of  the  Jennings  well,  and  at  three  hundred 
and  fifty  feet  below  the  surface  gas  was  found 
in  sufficient  quantity  to  run  the  engine.  At  550  feet 
a  large  vein  was  struck  of  such  power  as  to  stop 
work.  The  boring  was  continued  to  the  depth  of  700 
feet,  which  is  the  present  depth.  The  volume  of  gas 
is  so  great  that  good  judges  estimate  that  it  is  suf- 
ficient to  supply  a  city  as  large  as  Cleveland.  It 
conies  through  the  pipe  with  a  loud  rush,  and  is 
of  great  purity.  The  well  has  been  visited  by  thou- 
sands, many  coming  from  a  great  distance  to  witness 
its  burning.  It  is  conveyed  to  the  dwelling-house, 
several  hundred  feet  distant,  and  is  used  not  only  for 
illuminating  purposes,  but  also  for  heating. 

The  manner  in  which  the  gas  is  used  for  heating 
and  cooking  in  the  dwelling-house  is  very  interesting. 
In  the  library  is  an  open  fire-place,  and  what  seems  to 
be  a  rousing  hickory  fire,  but  in  fact  the  logs  of  wood 
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on  the  andirons  were  admirable  imitations,  made  of 
terra-cotta.  By  turning  a  small  faucet  near  the  fire- 
place, the  blaze  was  increased  and  diminished  at 
pleasure.  To  show  us  how  easy  it  was  to  light  it,  the 
gas  was  turned  off  and  a  lighted  match  thrown  on  the 
logs.  The  gas  was  turned  on,  and  in  an  instant  we 
had  a  beautiful  fire.  It  leaves  no  dust  nor  smoke,  and 
in  every  room  in  the  house  fires  can  be  lighted  at  any 
moment  with  as  much  facility  as  the  chandeliers.  In 
the  ranges  in  the  kitchen,  and  in  all  the  stoves,  noth- 
ing is  employed  for  heating  but  the  gas.  Hundreds 
of  cubic  feet  are  daily  consumed,  and  the  saving  in 
coal  and  wood  amounts  to  a  considerable  sum.  It  is 
so  convenient,  too,  and  so  perfectly  under  control,  that 
it  proves  to  be  a  very  economical  fuel.  The  grounds 
which  surround  the  house  are  illuminated  night  and 
day,  and  remind  one  of  a  city  park. 

The  well  at  the  seminary  has  proved  successful, 
and  the  professors  and  scholars  are  very  jubilant  about 
it.  The  drilling  was  done  by  Wass  &  Brother,  who 
also  bored  the  well  just  alluded  to.  Small  veins 
were  struck  about  fifty  feet  below  the  surface,  and  a 
large  one  was  reached  at  300  feet.  The  largest  vein, 
which  was  reached  at  a  depth  of  700  feet,  is  so  power- 
ful that  the  water  in  the  bore  was  thrown  to  a  great 
height,  and  with  such  force  that  the  roofing  over  the 
works  was  in  danger  of  being  destroyed.  The  volume 
can  not  be  determined,  but  it  is  more  than  sufficient 
to  supply  the  institute  with  light  and  heat. 

At  Conneaut,  about  fifty  miles  west  of  Painesville, 
a  new  gas-well  has  been  bored  by  the  Conneaut 
Paper  Company,  and  the  flame  which  issues  at  the 
mouth  reaches  a  height  of  nearly  twenty  feet. 

Captain  Spauldijig,  who  resides  about  three  miles 
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from  Cleveland,  has  found  a  good  supply  at  a  depth 
of  400  feet. 

At  Erie,  Pennsylvania,  there  are  several  wells  em- 
ployed for  manufacturing  purposes,  and  the  supply 
of  gas  seems  inexhaustible.  The  water- works  which 
supply  the  city  have  two  large  engines  forcing  up  the 
water,  which  are  driven  by  steam  generated  by  the 
gas  flowing  from  a  well  sunk  upon  the  premises. 
The  flame  issues  from  a  series  of  small  pipes  con- 
nected with  the  gas-well. 

The  lighthouse  at  Portland  Harbor,  on  Lake  Erie, 
is  also  illuminated  by  the  natural  gas.  The  gas  is 
identical  in  its  character  with  that  manufactured 
from  bituminous  coal. 


FLOATING  ISLANDS  IN  VICTOKIA. 

Gtippsland  is  a  province  of  Yictoria.  It  is  bounded 
by  the  Australian  Alps  on  all  sides,  except  on  the 
south,  which  the  sea  washes  for  over  one  hundred 
miles.  It  may  be  called  the  Piedmont  of  Australia — 
rich  fertile  plains  intersected  by  rivers  flowing  into'a 
lake  system  extending  all  along  the  coast,  and  sepa- 
rated from  the  sea  by  a  sandy  ridge,  with  one  navi- 
gable opening.  A  local  paper,  the  Gvppsland  Times, 
contains  the  following  description  of  "  floating  islands" 
on  the  lakes : 

"  As  one  of  the  Gippsland  Steam  Navigation  Com- 
pany's steamers  was  recently  crossing  Lake  Welling- 
ton, the  man  at  the  wheel  suddenly  observed  land 
right  in  the  track  of  the  steamer,  apparently  only  a 
short  distance  from  the  straits  separating  Lakes  Wel- 
lington and  Yictoria.     He  called  the  captain's  atten- 


NEW   HUMMING   TOY.  103 

tion  to  the  strange  sight,  and  on  coming  up  close,  the 
land  was  discovered  to  be  a  small  island,  about  thirty 
yards  in  length  by  twenty  broad.  It  was  covered 
with  a  rich  coating  of  luxuriant  grass ;  and  small 
trees,  tea-tree,  and  bush-shrubs  appeared  to  be  grow- 
ing in  profusion.  The  only  occupants  of  this  remark- 
able apparition  were  a  few  pigs,  feeding  away  con- 
tentedly, and  apparently  enjoying  their  novel  journey 
by  water.  A  second  island,  of  the  same  description, 
but  much  smaller,  was  noticed  a  little  further  on,  but 
this  had  evidently  detached  itself  from  the  larger 
piece  of  land,  or  most  probably  had  been  separated 
by  the  rooting  depredations  of  the  porkers.  From 
what  portion  of  the  main  land  this  floating  island 
came  is,  of  course,  matter  of  conjecture ;  but  it  is 
known  that  a  portion  of  the  soil  at  Marley  Point,  on 
the  southern  shore  of  Lake  Wellington,  became  de- 
tached recently,  and  floated  miles  across  the  lake 
with  some  twenty  or  thirty  head  of  pigs  aboard.  As 
long  as  the  wind  drove  it  in  that  direction,  the  island 
drifted  toward  McLennan's  Straits,  but  a  change  of 
wind  brought  it  back  again,  after  a  three  days'  trip, 
within  a  mile  of  the  spot  from  which  it  had  broken 
away." 


NEW  HUMMING  TOY. 

Consists  of  a  hollow  instrument  A,  of  tin  or  other 
§heet  metal,  shaped  like  an  hour-glass,  and  provided 
with  orifices  B,  through  which,  as  the  instrument  is 
revolved,  the  air  rushes  and  produces  a  humming 
sound. 

A  string  is  passed  tinder  the  middle  of  the  instru- 
ment, the  ends  of  said  string  being  provided  with 
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handles,  which  are  grasped  by  the  operator.  The 
toy  is  then  placed  on  a  floor,  or  other  plane  surface, 
and  drawn  rapidly  along  the  same  by  the  string, 
thereby  obtaining  a  rotary  motion,  after  which  it  is 
raised  and  suspended  in  the 
string,  as  shown,  when,  by 
alternately  raising  and  de- 
pressing the  handles  .to  which 
the  string  is  attached,  the 
rotary  motion  of  the  toy  is 
accelerated,  the  string  acting 
as  a  belt,  until  said  motion 
becomes  sufficiently  rapid  to 
cause  the  air,  in  rushing 
through   the   orifices   B,  to 

produce  a  humming  sound,  which  varies  in  loudness 
in  proportion  to  the  rapidity  with  which  the  toy 
revolves.  This  instrument,  in  the  hands  of  a  skillful 
manipulator,  is  one  with  which  very  pleasing  effects 
may  be  produced.  It  may,  for  instance,  be  tossed  in 
the  air  while  humming,  and  caught  in  the  string,  as 
before.  Various  other  feats  can  be  performed  by 
one  sufficiently  expert  in  its  use. 


ROADS— HOW  TO  MAKE  AM)  REPAIR. 

A  road  should  be  considered  as  a  structure  having 
two  essential  parts,  a  foundation  and  a  wearing  sur- 
face. The  duty  of  the  first  is  to  keep  up  the  second 
to  its  work,  and  may  be  made  in  any  way  that  satis- 
fies the  one  condition  of  unyielding  firmness.  It  has 
been  sometimes  said  that  a  slightly  yielding  or  elastic 
foundation    is  better  than  a  rigid  one,  and   if  that 
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elasticity  could  be  had. at  a  sufficient  depth  below  the 
surface,  it  might  be  so  ;  but  practically  it  is  not  to  be 
had,  and  the  danger  of  trying  to  make  the  founda- 
tion elastic  far  exceeds  the  objection  of  rigidity. 

A  great  deal  of  unnecessary  discussion  used  to  be 
indulged  in,  as  to  whether  the  plan  of  making  the 
foundation  which  was  adopted  by  Mr.  Telford  or  that 
.  practiced  by  Mr.  Macadam,  was  the  better.  Telford's 
plan  was  to  pitch  the  road-bed  with  rough  stones,  set 
closely  by  hand,  with  their  broadest  edges  downward, 
and  their  greatest  length  crosswise  of  the  road,  the 
breadth  of  the  upper  edge  of  any  stone  not  exceeding 
four  inches.  All  the  irregularities  of  the  upper  part 
of  the  pavement  were  broken  off  by  the  hammer,  and 
the  chips  packed  by  hand,  and  wedged  into  the  inter- 
stices. The  depth  of  the  stones  when  finished  off  was 
seven  inches  in  the  middle  part  of  the  road,  live 
inches  at  a  distance  of  nine  feet  on  each  side  of  the 
centre,  four  inches  at  twelve  feet,  and  three  inches  at 
fifteen  feet.  The  surface  thus  formed  a  curve,  hav- 
ing a  rise  of  four  inches  in  the  centre.  This  is  clear- 
ly a  good  foundation ;  but  it  is  somewhat  against  it 
that  the  bed  is  flat,  and  that  if  water  should  percolate 
through  the  top  coating,  and  through  the  pavement, 
it  would,  on  some  kinds  of  ground,  as  upon  clay, 
weaken  its  bearing  power ;  but  if  the  ground  is  po- 
rous, or  sand  or  gravel,  or  rocky,  this  objection  to  a 
flat  bed  does  not  arise.  Whenever  the  bed,  however, 
consists  of  clay,  or  other  impervious  ground,  the  bed 
should  be  sloped  downward,  from  the  centre  to  the 
sides,  to  about  the  same  extent  Mr.  Telford  allowed, 
namely,  four  inches  in  a  width  of  fifteen  feet,  so  that 
.water  may  drain  away.  Two  straight  slopes,  for  this 
purpose,  are  better  than  a  curve.     Macadam,  on  the 
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other  hand,  considered  this  pavement  foundation  to  be 
unnecessary ;  and  insisted  that  the  native  foundation 
soil,  properly  formed  and  drained,  must  be  considered 
to  be  the  foundation,  and  carry  the  weight  of  the  traf- 
fic ;  and  that,  wherever  stone  may  be  laid  on,  it  is 
only  to  preserve  this  foundation  from  injury  ;  and  its 
thickness  should  be  regulated  only  by  the  quality  of 
material  necessary  to  form  such  a  protection,  and  not 
at  all  by  any  consideration  as  to  its  own  independent 
power  of  bearing  weight ;  and  that  it  is  an  erroneous 
idea  that  the  evils  of  an  undrained,  wet,  clayey  soil 
can  be  remedied  by  a  large  quantity  of  materials. 

But  what  makes  the  discussion  upon  the  two  me- 
thods of  little  use,  is  the  fact  that  Macadam's  own 
practice  approaches  that  of  Telford.  Macadam's  sys- 
tem was  to  lay  first  a  layer  of  clean  broken  stone,  on 
a  dry  day,  and  after  the  traffic  had  almost,  but  not 
quite,  consolidated  it,  the  ruts  being  kept  raked  in  as 
soon  as  they  are  formed;  a  second  layer  of  three 
inches  was  laid  down  in  a  wet  time — moisture  facili- 
tating the  union  of  the  two. 

Then  the  third  layer  forms  the  top  coat,  and  carries 
the  traffic.  Macadam  insisted  strongly  on  the  neces- 
sity of  the  stones  being  clean  and  angular,  whereby 
the  angles  interlock  with  each  other,  and  form  a  solid 
structure  ;  whereas,  if  other  material  be  admitted  un- 
der pretense  of  binding,  it  prevents  this  close  union, 
absorbs  water,  and,  in  frost,  disrupts  the  mass.  Mac- 
adam's method  of  laying  the  foundation — that  is,  the 
first  two  layers  of  broken  stone — has  the  disadvan- 
tage, that  in  wet,  clayey  ground  the  traffic  forces  the 
stones  into  the  ground,  and  it  rises  through  the  inter- 
stices ;  although  Macadam  maintained  that  draining 
would  prevent  this.     Draining,  however,  can  not  alto- 
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gether  prevent  it ;  and  it  is  only  to  be  prevented  by 
selecting  a  dry  time  for  laying  down  the  first  layer  of 
stone.  Telford's  pavement  has  the  advantage  of  dis- 
tributing the  weight  on  the  surface  over  a  large  area 
of  foundation. 

The  foundation,  then,  having  been  laid,  whether  of 
one  or  the  other  kind,  or  in  any  way  so  that  it  be  un- 
yielding, (in  the  manufacturing  districts,  engine-ashes 
are  largely  used,  and  make  a  very  good  foundation, 
laid  on  seven  inches  deep  in  two  layers,  the  traffic  be- 
ing allowed  to  pass  over  them  before  the  top  coat  is 
put  on,)  the  wearing  coat  has  then  to  be  put  on ;  and 
now  the  quality  of  the  stone  comes  in  question.  The 
most  durable  stone  is  that  which  is  the  toughest. 
Mere  hardness  is  no  test  of  quality  for  the  purpose  of 
road-making.  Flint  is  hard  enough,  but  it  is  almost 
the  worst  material  for  a  road,  because  it  has  no  tough- 
ness. The  toughness  of  a  solid  consists  in  a  certain 
yielding  of  parts,  with  a  powerful  general  cohesion, 
and  is  compatible  with  various  degrees  of  elasticity. 

The  most  useful  stone  is  that  which  is  most  difficult 
to  break  up.  Stone  of  secondary  quality  is  the  car- 
boniferous or  mountain  limestone,  and  the  harder 
sandstones.  Broken  flints  form  a  third  quality,  and 
the  last  is  flint-gravel,  which  is  unfit  for  any  thing  but 
by-roads.  The  weight  road-stone  has  to  bear,  it  must 
be  understood,  is  not  a  steady,  crushing  one,  but  one 
of  impact. 

The  thickness  of  the  top  coat  is  not  of  much  con- 
sequence. As  a  general  rule,  three  or  four  inches  is 
the  best  thickness. 

,  The  next  thing  to  be  considered  is  the  size  to  which 
the  stone  of  the  top  coat  shall  be  broken.  Both  Tel- 
ford and  Macadam  said,  to  a  size  which  would  be,  for 
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average  materials,  cubes  of  about  one  and  a  half 
inches ;  and  Macadam  further  directed  that  no  stone 
should  be  more  than  six  ounces  in  weight. 

But  neither  dimension  nor  weight  can  be  accepted 
as  logical ly  denning  the  proper  size,  because  that  de- 
pends upon  the  nature  of  the  material.  To  reduce 
flint  or  sandstone  to  the  dimensions  proper  for  trap- 
rock  and  granite,  would  be  to  insure  their  immediate 
grinding  up  and  removal  from  the  road.  The  supe- 
riority of.  hand-broken  stone  over  that  broken  by  ma- 
chine is  very  evident.  Hand-broken  stone  is  more 
uniform  in  size,  and  approaches  more  nearly  to  the 
best  form — the  cube — than  can  be  had  with  any  ma- 
chine ;  for  while  the  machine  breaks  up  some  of  the 
stones  into  too  small  fragments,  it  cracks  many  of  the 
pieces  of  the  right  size;  and  thus  when  the  traffic 
comes  over  them,  they  split ;  and  they  are  split  also 
by  the  action  of  frost.  We  believe  the  French  engi- 
neers disregard  the  cleanliness  and  uniform  size  in- 
sisted upon  by  Macadam,  and  allow  even  dust  to  be 
mixed  with  the  clean  angular  stone  ;  but  we  are  con- 
vinced that  this  is  a  mistake.  The  object  of  having 
the  stones  clean  and  free  from  extraneous  matter  is, 
that  they  shall  interlock,  and  the  angles  adjust  them- 
selves so  as  to  come  home,  stone  to  stone,  and  so  form 
a  solid  body ;  but  when  dust  or  other  substance  is  al- 
lowed to  come  into  the  cavities,  they  can  not  do  so, 
and  are  thereby  rendered  less  stable.  It  is  probable 
that  the  success  of  the  French  engineers,  in  making 
roads,  is  due  to  the  attention  they  pay  to  rolling  the 
surface;  but,  even  by  that  means,  they  can  not  force 
the  stones  into  contact  when  dust  intervenes.  Break- 
ing stone  would  seem  to  be  a  simple  thing  enough, 
and  one  that  any  able-bodied  man  may  do  as  well  as 
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another ;  but  it  is  not  so.  In  the  first  place,  it  re- 
quires a  particular  kind  of  hammer.  The  head  must 
be  of  solid  steel.  The  shape  of  the  face  of  it  must 
vary  with  the  kind  of  stone  to  be  broken.  The 
handle  must  be  pliable,  and  not  a  stiff  piece  of  wood ; 
it  must,  therefore,  be  a  green  stick  ;  and  hazel  or  ash 
plant  is  used.  Then,  a  stone-breaker  must  know 
where  to  hit  the  lump  he  is  to  break  ;  and  where  he 
shall  hit  depends  on  the  nature  of  the  stone.  A  great 
deal  of  strength  is  wasted  by  men  unaccustomed  to 
stone-breaking,  who  take  up  the  work  for  the  first 
time,  and  work  with  tools  of  the  wrong  kind. 

The  shape  of  the  surface  of  a  road  is  important. 
There  are  three  forms  of  surface  ;  one,  the  most  com- 
mon one,  a  curved  surface,  having  a  rise  from  the 
water-channel  to  the  crown  of  four  inches  or  six 
inches  ;  the  second  form  is  the  straight  slope  on 
either  side  of  the  centre ;  and  the  third,  the  hanging 
road,  where  the  slope  is  all  to  one  side,  the  road  hav- 
ing but  one  water- channel.  In  the  latter  case,  it  is 
generally  dictated  by  local  circumstances;  but  the 
other  cases  are  general.  The  higher  the  crown  is 
made  above  the  water-channels,  for  the  sake  of  getting 
the  water  quickly  off  the  road,  the  more  is  traffic  re- 
stricted to  the  centre  of  the  road ;  for  nobody  will 
drive  on  sidelong  ground,  if  he  can  get  a  level  foot 
ing.  There  is  not  much  difference  between  the  two 
forms  ;  for  if  the  road  be  made  at  first  with  straight 
slopes,  it  will  soon  become  worn  down  at  the  apex 
into  something  like  a  curved  form.  But  there  is  a 
good  deal  to  be  said  against  the  practice  of  raising  the 
centre  of  the  road  too  much  in  either  way,  for  the  ob- 
ject ought  to  be,  to  get  the  traffic  spread  equally  over 
the  width  of  the  road  ;  and  thus  we  come  to  the  con- 
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elusion  that  as  little  rise  as  possible  should  be  given 
to  the  crown ;  and  three  inches  in  ten  feet,  or  one 
foot  in  forty,  is  sufficient  to  allow  the  water  to  run  off, 
and  if  it  takes  a  longer  time  to  run  off  such  a  road 
than  it  does  on  a  more  rounded  one,  that  is  of  less  con- 
sequence than  unequal  wear. 

The  road  having  been  formed,  it  has  to  be  main- 
tained as  nearly  as  possible  in  its  original  form. 
There  is  no  stone  that  is  of  exact  quality  throughout ; 
and  the  reason  why  a  road  wears  into  holes  is,  that 
the  softer  parts  here  and  there  are  worn  away  before 
the  rest,  leaving  the  hardest  portions  of  the  stone 
standing  up  in  ridges  or  knobs ;  and  when  this  at- 
tains to  a  sufficiently  objectionable  degree,  the  holes 
are  to  be  filled  up  with  new  stone,  broken  very  small, 
and  no  more  stone  used  than  is  sufficient  to  bring  the 
surface  up  to  the  level  of  the  adjoining  unworn  por- 
tions of  the  road. 

The  common  error  is,  to  put  too  much  stone  on  a 
place  that  wants  some  mending ;  and  many  roads 
have  been  raised  considerably  above  their  original 
level.  The  object  should  be  to  keep  up  the  thickness 
of  the  metaling  as  nearly  as  possible  to  th^,t  it  origi- 
nally had.  This  can  not  be  done  absolutely,  but  it 
can  be  approximated  to  ;  for  instance,  if  the  original 
thickness  of  the  top  coat  be  four  inches,  one  inch  of 
the  best  part  of  the  material,  as  well  as  that  used  for 
patching,  will  be  worn  away  in,  say,  twelve  months, 
leaving  the  thickness  nowhere  more  than  three 
inches.  It  will  be  proper  then  to  repair  the  road  with 
a  fresh  coat  of  stone,  raising  the  thickness  to,  say, 
five  inches,  which  would  then  allow  two  years'  wear 
before  another  coat  of  stone  would  be  required. 

Whenever  a  new  coat  may  be  necessary,  the  surface 
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of  the  road  is  to  be  picked  up  to  a  depth  of  two  inches, 
the  surface  readjusted  in  form,  the  material  sifted  and 
relaid,  with  the  addition  of  as  much  new  stone  as  may 
be  required  to  make  up  the  two  inches.  The  time  of 
year  most  suitable  for  repairing  roads  is  the  spring  ; 
the  succeeding  summer  then  hardens  the  road,  and 
leaves  it  in  a  good  condition  to  resist  the  traffic  dur- 
ing the  wet  winter  months. 


NOVEL  MOP-WBINGEK. 

The  object  of  this  improvement  is  to  save  the 
hands  from  strain,  as  well  as  contact  with  filthy  water 
in  the  wringing  of  floor-mops. 

A,  in  the  accompanying  engraving,  represents  two 
metallic  bars,  which  are  bent  at  their  centres,  in  the 
line  of  their  edges,  nearly  double,  and  then  have  their 
edges  and  sides  curved  or  bent,  in  the  manner  repre- 
sented in  the  drawing. 
These  bars  are  pivoted 
together  a  short  distance 
from  their  ends.  The 
rollers  C  and  D  have 
bearings  in  the  ends  of 
the  bent  bars  A.  The 
bars  A  are  so  formed  as 
to  answer  as  foot-pieces, 
upon  which  the  operator 
may  place  his  foot,  and 
bring  the  rollers  together.  When  the  foot-pieces  are 
separated,  the  rollers,  of  course,  separate  at  the  same 
time,  so  that  a  mop  may  be  placed  between  them. 
When  the  foot-pieces  are  closed,  (which  is  done  by 
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pressure  of  the  operator's  foot.)  the  rollers  close  upon 
the  mop,  and  press  it  as  tightly  as  may  be  desirable 
for  wringing  the  water  from  it. 

Upon  one  of  the  shafts  of  the  rollers  is  secured  a 
crank-handle,  for  revolving  or  giving  motion  to  them, 
while  the  foot-piece  is  pressed  down. 


GATLING'S    SYSTEM    OF    FIEE-AEMS. 

[with  steel-plate  engravings.] 

Among  the  many  really  important  and  valuable 
inventions  in  fire-arms,  of  which  the  present  century 
has  been  so  prolific,  there  is  none  that  will  eclipse 
that  of  the  machine  gun.  The  assurance  which  fre- 
quent and  searching  experiments  have  given  that  it  is 
destined  to  take  the  same  place  and  to  achieve  the 
wonders  in  military  affairs  that  machinery  now  occu- 
pies and  has  accomplished  on  the  road,  in  the  field, 
in  the  workshop,  and  on  the  ocean,  is  sufficient  to  in- 
vest its  study  and  examination  with  unusual  interest, 
aud  to  commend  it  to  the  closest  and  most  attentive 
consideration  of  rulers  and  nations.  It  needs  no 
dusty  volume — no  diving  into  the  lids  of  books — to 
teach  the  youth  even  of  to-day  of  the  wonders  that 
machinery  has  performed  in  the  peaceful  pursuits  of 
life.  The  evidences  are  about,  around,  and  before 
him ;  and  it  requires  little  stretch  of  the  imagination 
to  conjure  up  the  revolution  which  the  successful  ap- 
plication of  the  same  principle  must  and  will  create 
on  the  battle-field. 

The  vast  importance  of  the  subject  being  then  con- 
ceded by  every  thinking  mind,  no  excuse  can  be  de- 
manded for  devoting  a  large  space  to  the  discussion 
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of  the  one  among  all  machine  guns  yet  offered  for 
public  scrutiny  that  seems  at  least  to  have  fastened 
itself  the  most  prominently  upon  the  favor  and  ap- 
proval of  those  best  qualified  to  judge  of  the  merits 
or  demerits  of  such  arms. 

It  is  no  exaggeration  to  say  that,  in  the  front  rank 
of  machine  guns,  the  invention  known  as  the  "  Gat- 
ling  Battery"  stands  preeminent.  From  the  hour 
that  it  was  first  launched  upon  public  notice,  in  1862, 
until  the  present  time,  it  has  undergone  the  most  in- 
cessant and  severe  tests  and  trials,  not  only  in  the 
United  States,  but  in  Europe ;  and  every  test  and 
every  trial  have  only  the  more  firmly  and  indisputa- 
bly established  its  high  reputation  as  a  death-dealing 
weapon,  until  it  can  and  is  no  longer  regarded  as  an 
experiment  but  a  fully  ascertained  and  demon- 
strated success. 

HISTORY  of  the  gatltng  battery. 

The  inventor  of  this  wonderful  arm  is  Dr.  Richard 
J.  Gatling,  at  the  time  of  its  discovery  a  resident  of 
the  city  of  Indianapolis,  in  the  State  of  Indiana,  but 
now  of  Hartford,  Ct.  He  first  conceived  the  idea  of 
a  machine  gun  in  1861,  and  is  justly  entitled  to  the 
proud  distinction  of  being  the  originator  of  the  first 
successful  weapon  of  the  kind  ever  invented.  His 
first  "  battery  "  or  gun  was  completed  in  that  city  in 
the  early  part  of  the  year  1862,  and  his  first  Ameri- 
can patent  bears  date  November  4th,  of  the  same 
year.  The  gun  was  fired  repeatedly  during  that 
year  in  Indianapolis,  in  the  presence  of  hundreds 
and  thousands  of  persons,  over  two  hundred  times  a 
minute,  and  its  performance  was  regarded  by  military 
men  as  so  satisfactory  that  the  governor  of  that  Stat( 
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Hon.  O.  P.  Morton,  now  United  States  Senator — ap- 
pointed a  committee  of  gentlemen  of  high  standing 
and  military  experience  to  examine  and  report  npon 
its  merits.  The  committee  performed  the  task  assign- 
ed them,  and  on  the  14th  of  July,  1862,  made  a  highly 
favorable  report  to  the  governor,  from  which  we 
quote  the  following  brief  extract : 

"  The  lock  is  certainly  ingenious  and  simple  in  its 
construction,  and  fully  protected  from  injury  from 
any  cause.  The  barrels  are  so  arranged  as  to  fire  in- 
dependently of  each  other,  so  that  an  injury  to  one 
does  not  affect  the  others.  There  are  no  complicated 
parts,  and  the  common  soldier  can  keep  it  in  order  as' 
readily  as  he  can  his  musket.  It  is  so  substantial  as 
to  endure  without  injury  the  same  usage  as  an  ordi- 
nary field-piece.  The  discharge  can  be  made  with 
all  desirable  accuracy  as  rapidly  as  one  hundred  and 
fifty  times  per  minute,  and  may  be  continued  for 
hours  without  danger,  as  we  think,  from  overheat- 
ing. Two  men  are  sufficient  to  work  the  gun,  and 
two  horses  can  carry  it  over  the  field  with  the  ra- 
pidity of  cavalry." 

This  report  and  his  own  personal  observation  so 
impressed  Governor  Morton  that,  in  a  letter  to  P.  H. 
Watson,  Esq.,  Assistant  Secretary  of  War,  he  recom- 
mended the  weapon  to  the  United  States  War  De- 
partment asa"  valuable  and  useful  arm." 

MANUFACTURE    OF    GUNS   IN   CINCINNATI. 

In  the  mean  time  Dr.  Gatling  had  twelve  of  his 
guns  manufactured  in  an  establishment  in  the  city  of 
Cincinnati,  State  of  Ohio,  and  fired  them  there  re- 
peatedly in  the  presence  of  army  officers  and  the  citi- 
zens generally.     Among  those  in  that  city  who  wit- 


115 

nessed  the  performances  of  the  gun  was  Major-Gene- 
ral H.  G.  Wright,  then  in  command  of  the  United 
States  forces  in  that  district,  who  also  was  so  favora- 
bly impressed  with  it  that,  under  date  of  March  11th, 
1863,  he  wrote  to  Brigadier-General  J.  W.  Ripley, 
Chief  of  Ordnance  of  the  United  States  army,  in- 
dorsing it  as  "  possessing  much  merit ;"  particularly 
"as  a  device  for  obtaining  a  heavy  fire  of  small  arms 
with  very  few  men,  it  seems  to  me  admirably  adapted 
to  transport-steamers  plying  upon  the  Western  rivers, 
where  infantry  squads  are  needed  for  security  against 
guerrilla  and  other  predatory  bands." 

TRIALS    BY   THE    UNITED    STATES    GOVERNMENT. 

Thus  brought  to  the  notice  of  the  authorities  in 
Washington  City,  Rear  Admiral  Dahlgren,  Chief  of 
the  Bureau  of  Ordnance,  ordered  a  trial  of  the  gun, 
which  took  place  in  the  Washington  Navy- Yard. 
The  official  report  made  to  him  on  this  occasion, 
bearing  date  May  20th,  1863,  concluded  thus : 

"  The  gun  or  battery  has  stood  the  limited  test 
given  it  admirably ;  has  proved  itself  to  be  a  very 
effective  arm  at  short  range  ;  is  well  constructed,  and 
calulated  to  stand  the  usage  to  which  it  would  neces- 
sarily be  subjected.  It  is  suggested  that  an  improve- 
ment in  the  manner  of  rifling .  the  barrels  would  be 
advantageous."  In  accordance  with  the  suggestion 
of  this  report,  Dr.  Gatling  had  a  new  set  of  barrels, 
with  a  change  in  the  rifling,  made  and  put  in  the 
gun,  and  it  was  on  the  17th  of  July,  1863,  again 
fired  at  the  Washington  Navy- Yard,  in  the  presence 
of  a  number  of  officers.  The  official  report  of  this 
trial  states  that  "  the  penetration  of  the  Gatling  bat- 
tery was  equal  to  that  of  the  Springfield  musket ;" 
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that  the  gun  in  its  "  mechanical  construction  is  very 
simple,  the  workmanship  well  executed,  and  we  are 
of  the  opinion  that  it  is  not  liable  to  get  out  of  work- 
ing order." 

These  trials  were  so  satisfactory  to  Admiral  Dahl- 
gren,  that  lie  gave  permission  to  commanders  of 
fleets  and  squadrons  to  order  what  guns  they  might 
think  proper  for  the  service ;  but  few  guns  were  then 
furnished,  however,  owing  to  Dr.  Gatling's  inability 
to  make  them  in  quantities,  and  want  of  time  to  see 
naval  officers  and  impress  upon  them  their  value  and 
true  character.  But  some  of  them  did  get  into  ser- 
vice before  the  close  of  the  American  war,  and  were 
used  effectively  in  repelling  rebel  attacks  upon  the 
Union  forces  under  command  of  General  Butler  near 
Bichmond,  Va. 

A    SCRAP    OF    FRENCH    HISTORY. 

The  results  of  all  these  trials,  together  with  full 
descriptions  of  the  gun,  with  cuts  and  diagrams,  were 
published  not  alone  in  the  United  States,  but  were 
sent  to  all  parts  of  the  civilized  world,  and  arrested 
the  attention  of  military  men  everywhere.  The  fol- 
lowing letter  will  show  that  at  least  one  crowned  head 
was  desirous  of  becoming  better  acquainted  with  its 
workings  and  details  r 

"  Ministry  of  War,      ) 

Committee  of  Artillery,  V 

Paris,  Nov.  20,  1863.    ) 

"  Sir  :  I  read  the  letter  you  addressed  to  me  on  the 
twenty-ninth  of  last  October,  and  communicated  it  to 
the  private  office  of  the  Emperor. 

"  In  consequence  of  the  answer  received,  I  have  to 
tell  you  that  your  cannon  has  excited  a  profound  in- 
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terest,  and  I  ask  of  your  kindness  to  answer  the  fol- 
lowing questions  that  have  been  proposed  to  me : 

"  1st.  What  are  the  results  of  the  tests  in  regard  to 
precision  at  the  various  distances  it  was  tried  ? 

"  2d.  What  proofs  have  been  made  in  regard  to 
the  solidity  of  your  cannon  ? 

"  3d.  What  is  the  weight  of  the  ball  and  of  the 
charge  of  powder  in  the  combination  which  gives  the 
best  results  ? 

"  4th.  Since  your  cannon  has  been  adopted  by  the 
government  of  the  United  States,  there  should  be 
some  official  report  upon  the  proofs  which  has  caused 
its  adoption.  Can  you  send  me  a  copy  of  such  re- 
port? 

"  5th.  If  the  information  which  I  ask  you,  and 
which,  when  received,  will  be  transmitted  to  the 
emperor,  should  cause  his  majesty  to  desire  that 
experiments  be  made  in  France  with  your  system, 
under  what  conditions  would  you  consent  to  send  to 
France  a  cannon  complete  with  all  the  munitions 
necessary  to  make  conclusive  proofs  % 

"  Do  me  the  favor,  sir,  to  reply  to  the  five  ques- 
tions which  I  have  placed  before  you,  and,  after  I 
have  received  your  reply,  I  will  put  the  matter  under 
the  eyes  of  the  emperor,  and  cause  you  to  know  the 
decision  of  his  majesty. 

"  Receive,  sir,  the  assurance  of  my  very  distinguish- 
ed consideration.     Your  servant,  R.  Maldon, 
"  Major  of  Artillery  to  the 

Committee  of  Artillery,  Paris. 

"  Mr.  Richard  J.  Gatling,  Indianapolis,  U.  S." 

Dr.  G-atling  replied  to  this  letter  by  giving  definite 
and  full  answers  to  the  questions  asked,  and  then 
proposed  to  sell  one  hundred  or  more  of  his  guns  to 
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the  French  government,  which  they  declined,  and 
before  any  further  negotiations  were  had,  the  gov- 
ernment of  the  United  States  passed  a  law  forbidding 
the  exportation  of  arms  or  mnnitions  of  war. 

It  will  thus  be  seen  that  the  Gatling  gun  was  for- 
mally introduced  to  the  French  government  in  1863, 
before  the  invention  of  the  French  or  Belgian  mitrail- 
leuse. 

TRIALS   BEFORE   THE   EMPEROR   OF   FRANCE. 

It  was  afterward,  in  1867,  iired  at  Versailles  in 
the  presence  of  the  emperor,  and  quite  recently  the 
influences  which  were  brought  to  bear  against  its  in- 
troduction into  the  French  service  and  in  favor  of  the 
adoption  of  the  mitrailleuse,  which  proved  so  disas- 
trous to  the  French  arms  in  the  recent  war,  have  been 
made  public  in  a  pamphlet  published  by  General 
Suzanne,  of  the  French  army.  The  emperor  claimed 
the  mitrailleur  as  his  own,  or  a  French  invention, 
and  therefore  urged  its  adoption  by  the  French  gov- 
ernment. Had  the  Gatling  gun  been  adopted  instead 
of  the  mitrailleur,  in  all  probability  the  late  war 
between  Germany  and  France  would  not  have  proved 
so  disastrous  to  the  latter. 

FURTHER    TRIALS    AND    ADOPTION    OF    THE    GATLING    GUN 
BY   THE   UNITED    STATES. 

Dr.  Gatling  continued  to  make  new  experiments 
and  new  models,  changing  the  details,  and  in  the 
autumn  of  1864,  he  made  most  valuable  improve- 
ments in  the  gun,  chiefly  in  the  lock  mechanism  and 
rear-cam,  for  which  he  secured  a  second  patent  of 
the  United  States,  bearing  date  May  9th,  1865.  One 
of  these  improved  guns  was  sent  to  Washington,  in 
January,  1865,  and  was  submitted  to  the  Ordnance 
Bureau.     Another  trial  was  ordered,  and  took  place 
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at   the   Washington   Arsenal,  in   the   same   month. 
The  following  is  from 

THE    OFFICIAL    REPORTS. 

"  Total  weight  of  gun,  exclusive  of  carriage,  224  lbs. 
"         "  carriage,  .         .         .     202  lbs. 

"         "  limber,  .         .         .200  lbs. 

u  The  advantages  claimed  for  this  gun  are : 

"  1st.  There  is  no  escape  of  gas  at  the  breech. 

"  2d.  There  is  no  recoil  which  can  destroy  its  accu- 
racy. 

"  3d.  It  performs  the  operations  of  loading,  firing, 
and  extracting  the  case  by  simply  revolving  the 
crank. 

"4th.  Accuracy. 

"  5th.  Rapidity  of  fire. 

"  The  gun  certainly  possesses  the  advantages  of 
rapidity,  accuracy,  and  loads,  fires,  etc.,  while  the 
barrels  are  revolving. 

"  There  is  no  escape  of  gas  at  the  breech ;  it  has 
one  lock  for  each  barrel,  so  that  in  the  event  of  one 
barrel  or  lock  becoming  disabled,  the  gun  is  still  effi- 
cient, as  the  rest  of  the  barrels  can  be  used  without 
difficulty." 

The  report  concludes  in  the  following  words 

"  All  parts  of  the  gun  worked  well." 

The  gun  used  in  this  trial  was  -^-inch  calibre. 
General  Dyer,  Chief  of  Ordnance,  being  desirous  of 
the  further  development  of  the  Gatling  system,  sug- 
gested the  construction  of  guns  of  one-inch  calibre, 
and  ordered  full  trials  of  the  same  to  be  made  at  the 
Frankford  Arsenal,  Philadelphia.  In  order  to  con- 
duct these  trials  successfully,  machinery  was  con- 
structed at  the  arsenal  expressly  for  making  the  large 
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metallic  shells  for  the  one-inch  cartridge.  In  the 
mean  time,  eight  of  the  one-inch  calibre  guns  were 
made  by  the  Cooper  Fire- Arms  Manufacturing  Com- 
pany, at  Philadelphia,  under  the  superintendence  of 
the  inventor.  As  soon  as  these  arms  were  completed, 
they  were  placed  under  the  charge  of  Colonel  S.  V. 
Benet,  the  able  and  accomplished  ordnance  officer 
in  command  of  the  arsenal,  by  whom  prolonged 
series  of  trials  were  made. 

Colonel  Benet's  report  of  these  trials  says  : 
"  The  gun  worked  smoothly  in  all  its  parts,  and 
the  cartridges  were  fed  and  the  cases  thrown  out, 
after  firing,  with  ease  and  certainty.  The  cartridge 
also  worked  well,  and  no  more  difficulty  is  to  be 
experienced  with  it  than  with  any  other  metallic 
cartridge  of  similar  construction,  if  indeed  so  much." 
Subsequently  to  the  foregoing  trials,  three  of  the 
guns  were  taken  to  Washington,  and  fired  hundreds 
of  times  in  the  presence  of  General  Grant,  now 
President  of  the  United  States,  Generals  Hancock, 
Dyer,  Maynadier,  Iiagner,  and  a  great  many  other 
distinguished  army  officers  and  government  officials. 
-  The  chief  of  ordnance  then  ordered  one  of  the 
guns  to  be  taken  to  Fort  Monroe,  Virginia,  to  be 
fired,  in  comparison  with  the  "  twenty-four-pounder 
flank  defense  howitzer."  The  following  extracts  are 
taken  from  the  official  report  of  this  trial : 

"  Fort  Monroe  Arsenal,  Va.,  ) 

July  14,  1866.  j 

"  May  or- General  A.  jB.Dyer,  Chief  of  Ordnance  : 

"  Sir  :  I  have  the  honor  to  state  that,  in  obedience 
to  your  letter  of  May  31st,  1866,  I  have  tested  Gat- 
ling's  rifle  gun,  in  comparison  with  the  twenty-four- 
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pounder  flank  defense  howitzer,  and  I  have  also  fired 
it  with  ball  cartridges  at  targets. 

"  The  results  of  the  experiments  are  herewith  for- 
warded. 

"  I  consider  it  a  superior  arm  to  the  twenty-four- 
pounder  howitzer,  for  flank  defense,  as  from  eighty 
to  one  hundred  buck  and  ball  cartridges  can  easily  be 
fired  from  it  in  one  minute,  being  a  discharge  of  from 
twelve  hundred  to  sixteen  hundred  projectiles,  while 
from  the  twenty-four-pounder  flank  defense  howit- 
zer only  four  rounds  can  be  fired  in  the  same  time, 
giving  for  canister  one  hundred  and  ninety -two  pro- 
jectiles, and  for  case  shot  about  seven  hundred. 

"  The  moral  effect  of  the  G-atling  gun  would  be 
very  great  in  repelling  an  assault,  as  there  is  not  a 
second  of  time  for  the  assailants  to  advance  between 
the  discharges. 

"  The  machinery  of  this  gun  is  simple  and  strong, 
and  I  do  not  think  likely  to  get  out  of  order.  I  had 
the  oil  rubbed  off'  this  gun,  drenched  it  with  water, 
and  then  exposed  it  for  two  nights  and  a  day  to  the 
rain  and  weather ;  but  though  it  was  quite  rusty,  it 
was  fired  ninety-seven  times  in  a  minute  and  a  half, 
one  man  turning  at  the  crank. 

"  In  my  opinion  this  arm  could  be  used  to  advan- 
tage in  the  military  service,  as  a  flank  defense  gun, 
and  mounted  on  a  field  carriage,  to  defend  a  bridge, 
causeway,  or  ford. 

"  The  size  of  the  bore  might  be  increased  to  advan- 
tage, which  would  allow  the  buck  and  ball  cartridges 
to  contain  a  greater  number  of  and  larger  sized 
balls.     Respectfully  your  obedient  servant, 

"  T.  G.  Baylor, 
"  Captain  of  Ordnance,  and 
Brevet- Colonel  U.  S.  A.  Commanding." 


122  SCIENCE    RECORD. 

ADOPTION    OF   THE    GATLING    GUN   BY   THE   UNITED   STATES 
GOVERNMENT. 

After  these  trials,  the  United  States  government 
adopted  the  Gatling  battery  gun,  and  on  the  24th  of 
August,  1866,  gave  an  order  for  one  hundred  of 
them — fifty  of  one-inch  calibre,  and  fifty  of  Ts/o-mch 
calibre — which  were  made  at  Colt's  Armory,  and  de- 
livered in  1867. 

In  May,  1868,  another  trial  of  large  and  small- 
sized  Gatling  guns  took  place  at  the  United  States 
Navy- Yard,  at  Washington,  and  the  following  is 
copied  from  the  report  of  the  distinguished  naval 
officers  who  constituted  the  board  to  test  and  report 
upon  the  merits  of  the  gun,  as  adapted  to  the  naval 
service : 

OFFICIAL    REPORT    OF   THE   NAVAL    OFFICERS. 

"  Washington,  D.  C,  May  30,  1868. 
"  Hon.  Gideon  Welles,  Secretary  of  the  JVavy,  Wash- 
ington, D.  C: 

"  Slr  :  The  undersigned,  composing  a  board,  ap- 
pointed by  your  order  of  the  14th  instant,  to  examine, 
test,  and  report  upon  the  merits  of  the  Gatling  gun, 
as  to  its  value  for  use  in  the  navy,  have  the  honor  to 
submit  the  following  report : 

"  From  the  examination  made  of  the  gun,  and  the 
report  of  tests  hereto  appended,  the  board  is  of 
opinion  that,  as  an  auxiliary  arm  for  special  ser- 
vice, to  be  used  from  top-gallant  forecastle,  poop- 
deck,  and  tops  of  vessels  of  war,  and  in  boat  opera- 
tions against  an  enemy,  either  in  passing  open  land 
works  or  clearing  breaches  and  other  proposed  places 
for  landing  from  boats,  etc.,  if  opposing  infantry  and 
cavalry,  it  has  no  known  superior. 
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"  Its  great  merit  consists  in  its  accuracy  within  the 
limits  of  its  range ;  the  certainty,  and,  if  need  be, 
rapidity  of  fire,  with  the  additional  merit  of  only  re- 
quiring three  persons  to  load,  direct,  and  fire  each 
piece,  when  suitably  mounted,  afloat  or  ashore. 

"  The  following  detailed  report  of  the  trial  will,  it 

is  believed,  fully  sustain  the  opinion  of  the  board." 

(Here  follows  a  detailed  report  of  the  trial,  and  a 

full  description  of  the  gun  and  its  ammunition,  which 

is  too  extended  to  be  inserted  in  this  paper.) 

The  report  proceeds  thus  : 

"  The  mechanism  (of  the  gun)  is  simple,  and  not 
likely  to  get  out  of  order ;  but  in  such  an  event  it 
could  be  repaired  on  board  ship.  Spare  pieces,  as  in 
musket  locks,  could  be  a  part  of  the  outfit." 

The  report  concludes  by  saying  that  at  the  close 
of  the  trial,  10  shots  were  fired  -at  an  elevation  of 
10°  40',  giving  by  the  plane  table  an  average  distance 
of  2800  yards.     None  of  the  cartridges  missed  fire. 
"  Very  respectfully,  your  obedient  servants, 
M.  Smith,  Commodore, 
Thornton  A.  Jenkins,  Commodore, 
John  L.  Davis,  Commander, 
K.  R.  Breese,  Commander" 

OFFICIAL  trials  of  the   GATLLNG  GUN  IN  EUROPE. 

But  it  is  not  in  the  United  States  only  that  this 
gun  has  been  subjected  to  experiments  and  trials.  In 
Yienna,  Austria,  on  the  17th  of  July,  1868,  the 
^-inch  Gratling  gun  was  fired,  "under  the  direction 
of  the  military  committee,"  with  the  following  result : 

Solid  half-pound  shot  fired  from  one-inch  calibre 
gun.      Distance,  400  paces;   time  of  shooting,  two 
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minutes ;  height  of  target,  9' ;  length  of  target  54' ; 
shots,  399 ;  hits,  308. 

Under  "  the  military  committee,"  and  in  the  same 
place,  on  the  9th  of  July,  1869,  other  trials  were  had, 
resulting  thus : 

j-inch  Gatling  gun.  Distance,  800  paces;  quick 
fire,  216  shots ;  sharp  hits,  208 ;  hits  which  did  not 
penetrate,  5.     Total,  213  out  of  216 ! 

T4oVhich  Gatling  gun.  Distance,  1200  paces; 
quick  fire,  191  shots ;  sharp  hits,  149 ;  hits  which 
did  not  penetrate,  3.  Total,  152  out  of  191  shots  at 
1200  paces ! 

At  this  trial  the  Gatling  gun  fired  15,000  rounds 
without  a  fault  or  an  interruption ;  and  yet,  it  is  pro- 
per to  add  that  the  gun  used  on  the  occasion  was  not 
of  the  latest  improved  model. 

In  the  following  month,  August,  1869,  another 
trial  was  made  at  Carlsruhe,  in  Baden,  between  an 
■J-inch  Gatling  gun  and  one  hundred  infantry  soldiers 
armed  with  the  celebrated  "needle  gun/'  at  a  dis- 
tance of  800  paces.  The  official  report  shows :  Gat- 
ling gun — Shots,  246  ;  hits,  216  ;  time,  1  minute.  In- 
fantry— Shots,  721 ;  hits,  196 ;  time,  1  minute. 

(The  diagrams  of  these  trials  will  be  found  at  the 
end  of  this  article.) 

GRAND   TRIAL   AT    SHOEBTTRYNESS,    ENGLAND. 

These  experiments  arrested  the  attention  of  the 
British  government,  and  it  was  soon  arranged  that  a 
grand  trial  of  all  the  best  arms  known  to  the  civilized 
world  should  take  place  at  Shoeburyness,  in  England, 
in  September,  1870.  The  trial  came  off  according 
to  programme,  and  resulted  in  a  most  signal  and 
complete  triumph  of  the  Gatling  gun.     The  experi- 
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ments  were  made  with  the  small,  medium,  and  large 
Gatling,  the  celebrated  nine-pounder  Indian  bronze 
mnzzle-loading  field-gun,  the  twelve-pounder  Arm- 
strong breech-loader  field-gun,  the  Montignv  mitrail- 
leuse, the  Martini-Henry  breech-loading  rifles,  and  the 
breech-loading  Snider  rifle — the  three  last  only  at  the 
short  distances,  up  to  1200  yards.     . 

It  will  thus  be  seen  that  the  Gatling  gun  contended 
against  the  best  arms,  both  for  short  and  long  ranges, 
known  to  modern  warfare. 

The  trial  was  severe,  searching,  and  critical;  and 
of  its  result,  the  London  Morning  Post,  of  the  23d 
of  September,  wrote : 

"  The  Gatling  gun,  an  American  mitrailleuse,  has 
just  achieved  a  great  success.  The  latest  improve- 
ments of  this  weapon  were  tried  at  Shoeburyness  a 
few  days  ago,  with  results  that  distinctly  point  to  the 
very  general  adoption  of  mitrailleuses  into  the  service 
at  no  distant  date.  The  former  trials  of  this  gun  and 
of  other  mitrailleuses  proved  the  weapons,  although 
in  their  infancy,  to  be  much  more  effective  than'  had 
been  supposed;  and  it  was  fully  anticipated  that 
marked  improvements  would  follow  the  recognition 
of  the  merits  of  the  new  invention.  But  it  was  not 
expected  that  the  defects  of  the  mitrailleuse  in  re- 
spect of  range  would  have  been  speedily,  if  at  all, 
overcome.  Yet  it  is  precisely  in  this  particular  that 
the  improved  Gatling  has  distinguished  itself.  Yery 
excellent  practice  has  been  made  at  ranges  over  2000 
yards,  whereas  800  yards  had  previously  seemed  to 
be  the  maximum  limit  of  effective  firing.  Two  of 
these  guns  were  tried.  The  larger,  with  a  bore  of 
one  inch,  threw  half-pound  balls  2100  yards,  making, 
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in  two  minutes,  90  hits  out  of  238  shots,  at  three 
rows  of  targets  36  feet  long  by  9  feet  high.  This 
was  very  fair  shooting,  but  it  was  quite  eclipsed  by 
what  followed.  The  smaller  improved  gun,  with 
a  bore  of  about  three  fifths  of  an  inch,  threw  three- 
ounce  balls  to  the  same  distance,  making  no  less  than 
J 65  hits  in  two  minutes,  out  of  348  fired.  This  practice 
was  really  quite  astonishing.  Even  the  rifled  field-guns 
must  look  to  their  laurels.  If  this  excellence  can  be 
maintained  or  surpassed,  then  the  mitrailleuses  could 
hold  their  own  against  regular  artillery  at  the  range 
mentioned.         *  *  *  *  *         * 

"  There  are  several  advantages  possessed  by  the 
mitrailleuse  form  of  weapon  over  field  artillery. 
They  can  be  moved  almost  anywhere  by  two,  as 
against  four  or  six  horses.  Looking  at  the  trouble 
and  expense  of  procuring  and  feeding  horses  in  a 
campaign,  this  advantage  will  be  patent.  Yiewing 
the  mere  guns  in  the  two  cases,  three  batteries  of 
mitrailleuses  could  be  put  into  the  field  for  one  of 
artillery  proper.  And  if  the  ammunition  wagons  be 
taken  into  consideration,  the  difference  would  be  still 
greater.  Then  the  number  of  men  to  work  the  mi- 
trailleuse would  be  considerably  less  than  for  field- 
guns.  So  that  if  a  mitrailleuse  is  equal,  or  nearly 
equal  to  a  field-gun,  an  augmentation  of  strength 
could  be  obtained  by  substituting  the  new  for  the  old 
weapons,  without  adding  to  the  numerical  strength  of 
the  men  of  the  artillery.  Again,  the  mitrailleuses 
would  not  only  be  cheaper  to  maintain  and  equip, 
but  also  cheaper  to  construct  and  more  quickly  pro- 
duced than  the  field-guns.  It  is  evident,  therefore, 
that  if  the  Gatling  gun  should  fully  support  the 
reputation  it  has  earned  quite  recently,  and  if  further 
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improvements,  such  as  may  be  expected,  should  be 
made  in  the  arm,  we  must  be  prepared  to  see  our 
own  service  supplied  with  these  novel  weapons. 
Even  the  execution  done  by  those  in  the  French  ser- 
vice affords  prima  facie  reasons  for  our  adopting  the 
mitrailleuse.  But  the  Montigny  model,  which  was 
tried  at  Shoeburyness  some  weeks  ago,  is  a  better 
weapon  than  that  belonging  to  the  French.  And 
now  the  improved  Gatling  gun  has  apparently  shown 

itself  to  be  immeasurably  superior  to  the  Montigny. 
■k-**  *  *  *  *         * 

u  It  is  a  curious  reflection  that  two  months  ago  we 

were  almost  laughing  at  the  mitrailleuse,  and  now 

we  seem  actually  on  the  verge  of  introducing  it  into 

our  own  service.     The   present  war  has  caused  the 

sudden  growth  of  many  other  views,  and  he  will  be 

wise  who  rightly  reads  all  its  lessons." 

THE    OFFICIAL    ACCOUNTS. 

The  official  accounts  of  these  experiments  have 
been  published  by  the  committee  appointed  to  direct 
and  superintend  them,  and  a  brief  reference  to  them 
will  establish  the  relative  positions  of  the  several 
weapons  used  on  the  occasion. 

In  the  first  experiment  at  targets,  practice  against 
time,  (two  minutes,)  only  shrapnel  shell  fired  from 
the  field-guns,  the  results  were  : 

at  300  yards'  range.  hits. 

Small  G-atling,  with  53  lbs.  of  ammunition 369 

Twelve-pounder  breech-loader  field-gun,  with  121J 

lbs 268 

Mne-pounder  muzzle-loading  field-gun,  with  107 

lbs 208 
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HITS. 

Montigny  mitrailleuse,  with  25  lbs 171 

Six  Martini-Henry  breech-loading  rifles,  with  15 

lbs 74 

Six  breech-loading  Snider  rifles,  with  8  lbs 63 

at  400  yards'  range. 

Small  Gatling,  with  39  lbs 310 

Nine-pounder  muzzle-loading  gun  with  118  lbs .  .  236 

Montigny  mitrailleuse,  with  30  lbs 178 

Twelve-pounder  breech-loading  gun,  with  121^- lbs.  166 

Six  Snider  rifles,  with  9  lbs 77 

Six  Martini-Henry  rifles,  with  17  lbs 68 

at  600  yards'  range. 

Small  Gatling,  with  56  lbs 522 

Nine-pounder  muzzle-loading  gun,  with  75  lbs .  .  .  283 
Twelve-pounder  breech-loading  gun,  with  94^-  lbs .  142 

Montigny  mitrailleuse,  with  30  lbs 127 

Six  Snider  rifles,  with  9  lbs 63 

Six  Martini-Henry  rifles,  with  11  lbs 52 

at  800  yards'  range. 

Small  Gatling,  with  30i  lbs 229 

Montigny  mitrailleuse,  with  25  lbs.  .  . 154 

Twelve-pounder  breech-loading  gun,  with  82  lbs.  152 
Nine-pounder  muzzle-loading  gun,  with  53  lbs.  .  .118 

Six  Martini-Henry  rifles,  with  10  lbs 66 

Six  Snider  rifles,  with  10  lbs 48 

But  the  differences  come  out  still  more  prominently 
in  the  grand  totals  of  work  of  all  kinds  done  in  the 
experimental  trials  by  each  weapon.  Thus,  taking 
first  the  totals  of  all  work  done  within  the  musketry 
range,  we  have  • 
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HITS. 

The  small  Gatling  mitrailleuse,  weighing  3  cwt., 

.  expended  of  ammunition,  492  lbs.,  scoring.  .  .2803 
The  JVfontigny  mitrailleuse,  (3  cwt.,)  expended 

472  lbs.,  scoring 1708 

The  twelve-pounder  breech-loading  gun,  (8  cwt.,) 

expended  1232  lbs.,  scoring 2286 

The  nine-pounder  muzzle-loading  gun,  (8  cwt.,) 

expended  1013  lbs.,  scoring. 2207 

Making  the  same  comparison  of  the  field-guns  with 
the  medium  Gatling,  for  work  done  at  ranges  beyond 
musketry  distances,  up  to  2100  yards'  range,  we  have : 

HITS. 

The  medium  Gatling,  (5  cwt.,)  expended  241  lbs., 
scoring 209 

The  twelve-pounder  breech-loading  gun,  (8  cwt.,) 
expended  312  lbs.,  scoring 258 

The  nine-pounder  muzzle-loading  gun,  (8  cwt.,) 
expended  225  lbs.,  scoring 219 

This  last  comparison  is  not  so  reliable  as  the  other, 
for  the  reason,  as  stated  by  the  committee,  that  the 
practice  with  the  weapons  on  this  occasion  was  un- 
usually bad,  and  showed  them  to  a  manifest  disad- 
vantage. The  careful  observer  will  not  fail  in  his 
calculations  to  take  into  consideration  the  amount  of 
ammunition  expended  by,  and  the  weight  of,  each  gun. 

In  this  long-range  firing,  we  have,  in  the  third 
experiment,  the  following  results  between  the  large 
and  medium-sized  Gatlings  and  the  field-guns  : 

at  1400  yards'  range. 
Firing  against  time,  (2  minutes,)  at  .a  column  of 
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targets  9  feet  by  9  feet,  representing  90  infantry,  di- 
vided into  3  troops,  or  companies,  20  yards  apart. 


No.  of  balls 

Infantry 

through  and  lodged. 

disabled. 

Large  Gatling 

99 

54 

1  min.  18  sec. 

Medium   "    0.65  inch 

236 

103 

1     "       9   " 

Small 

104 

55 

9-pr.  bronze,  M.  L.  R., 

Shrapnel. ....... 

178 

66 

Segment 

90 

42 

12  pr.  B.  L.  R, 

Shrapnel 

224 

104 

Segment 

102 

53 

AT  2070  yards'  range. 

Firing  against  time,  (2  minntes,)  at  a  column  of 
targets  9  feet  by  9  feet,  representing  36  cavalry,  or  45 
infantry,  divided  into  3  troops,  or  companies,  30 
yards  apart. 


Infantry  disabled. 


Large  Gatling 

Medium  "  0.65  inch 
9-pr.  bronze,  M.  L.  R., 

Shrapnel 

Segment 

12-pr.  B.  L.  R., 

Shrapnel 

Segment 


The  sights  of  the  larger-sized  Gatling  gnns  nsed  in 
these  trials  had  been  adjusted  only  for  ranges  of  one 
thousand  yards  and  less,  aud  this,  of  course,  materi- 
ally affected  the  practice  made  with  them  at  longer 
ranges. 

It  is  confidently  believed  that,  with  improved  am- 
munition, and  a  more  perfect  system  of  rifling,  the 
larger  calibre  Gatling  guns,  worked  by  men  perfectly 
familiar  with  their  use,  will  be  as  effective  at  long 
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ranges  as  the  best  field-guns,  and  far  more  effective  at 
short  ranges. 

The  committee  also  reported  the  result  of  a  com- 
petitive trial,  on  the  same  occasion,  between  the 
Montigny  mitrailleuse,  using  the  latest  pattern  of 
ammunition  submitted,  and  the  small  Gatling  gun,  at 
a  row  of  ten  targets,  9  feet  by  9  feet,  as  follows  : 


Time. 

Hits. 

MiT>. 

Sec. 

Through. 

Lodged. 

Struck. 

Total. 

At  600  yds.,  720  r'nds 
from    each     delibe- 
rately 

Montigny  initrail- 
leur 

4 
3 

3 

2 

0 
31 

8 
26 

536 

608 

284 
423 

2 
3 

5 
6 

0 

7 

3 
10 

538 

Small  Gatling.  .  . 
At  800  yds.,  550  r'nds 
1    from    each     delibe- 
rately 

Montigny  mitrail- 
leur 

618 
292 

Small  Gatling .  . . 

439 

FOURTH    TRIAL. 

The  great  importance  attached  to  this  grand  trial 
at  Shoeburyness,  will  excuse  the  calling  of  particular 
attention  to  the  fourth  experiment,  where,  in  about 
the  same  time  of  firing,  and  at  about  the  same  dis- 
tances, the  Gatling  gun  scored  651  hits  on  the  dum- 
mies, placed  in  loose  order  on  uneven  ground,  repre- 
senting broken  infantry  retiring,  disabling  277  of  the 
infantry,  while  the  9-pounder  made  only  155  hits, 
disabling  93 ;  the  12-pounder,  150  hits,  disabling  96, 
and  the  Montigny  mitrailleuse,  214  hits,  disabling 
136 — all  of  which  will  more  fully  appear  by  consult- 
ing the  following  table,  taken  from  the  official  report 
of  the  committee: 
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The  great  importance  attached  to  the  trials  at 
Shoeburyness,  and  the  high  character  and  distin- 
guished military  knowledge,  impartiality,  and  experi- 
ence of  the  able  members  composing  the  committee 
nnder  whose  direction  and  superintendence  these 
trials  were  made,  will  be  sufficient  excuse  for  giving 
their  report  in  full : 

REPORT. 

President. 
Colonel  E.  Wray,  C.B.,  R.A. 

Members. 
Captain  the  Hon.  F.  Foley,  R.A. 
Colonel  G.  Shaw,  R.  A.,  Assistant  Adjutant- General. 
Lieutenant-Colonel  Fletcher,  Scots  Fusilier  Guards. 
Captain  Beaumont,  M.P.,  R.E. 
Captain  W.  H.  Noble,  R.A. 
Lieutenant-Colonel  Heyman,  R.A.,  Secretary. 

28th  October,  1870. 

Sir:  1.  The  Special  Committee  on  Mitrailleuse 
have  the  honor  to  submit  their  report  upon  the  re- 
sults of  the  trials  they  were  directed  to  carry  out,  to 
ascertain  the  relative  value  of  two  systems  of  mitrail- 
leurs,  known  as  the  Montigny  and  Gatling  guns,  as 
compared  with  the  fire  of  field  artillery  and  infantry. 

2.  Concurrently  with  the  above  systems,  the  com- 
mittee have  had  under  their  consideration  several 
other  designs,  (on  paper,)  of  multiple  guns,  alike  in 
general  character,  but  different  in  respect  to  mechani- 
cal detail. 

The  names  of  the  proposers  are  given  in  Appendix 
D,  together  with  a  brief  description  of  each  of  the 
systems  referred,  to,  the  majority  of  which  were  dis- 
missed on  the  grounds  of  their  inapplicability  to  the 
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service,  while  the  remainder  were  rejected  on  account 
of  their  apparent  inferiority  to  the  Montigny  and 
Gatling  guns. 

3.  The  mechanical  action  and  constructive  features 
of  the  two  machine-guns  actually  under  trial  will  be 
found  detailed  in  Appendices  A  and  B  ;  photographs 
are  likewise  transmitted. 

4.  The  results  of  the  comparative  experiments  car- 
ried out  by  the  committee  are  tabulated  in  Appendix 
C,  in  which,  also,  is  given  the  calibre  and  weight  of 
the  respective  guns,  as  well  as  of  the  ammunition 
used. 

Previous  to  proceeding  to  compare  the  relative 
merits  of  the  two  systems  of  mitrailleurs  which  have 
been  under  trial,  the  committee  think  it  desirable  to 
submit  a  few  remarks  upon  the  general  application 
of  machine-guns  of  this  nature  for  the  purposes  of 
war. 

5.  Up  to  a  very  recent  period  the  opinions  of  the 
majority  of  the  great  military  powers  were  decidedly 
adverse  to  the  introduction  of  these  weapons  for  ser- 
vice in  the  field, -and  the  early  experiments  carried  on 
in  this  country  appeared  also  to  justify  their  con- 
demnation. 

6.  The  Prussians,  who  within  the  last  eighteen, 
months  had  instituted  a  searching  inquiry  into  the 
merits  of  these  machine-guns,  came  to  the  conclusion 
that  the  very  narrow  sphere  within  which  their  effect 
was  restricted  did  not  at  all  compensate  for  the  per- 
sonnel and  material  required  in  serving  them. 

7.  The  French,  however,  appear  to  have  taken  a 
different  view,  and  have  adopted  the  mitrailleurs  in 
comparatively  large  numbers. 

8.  Judging  from  the  accounts  received  from  time 
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to  time  through  the  public  pi  ess  of  the  effects  pro- 
duced by  mitrailleur  fire  during  the  present  war,  the 
committee  are  disposed  to  think  that  practical  expe- 
rience has  led  the  Prussians  to  attach  more  impor- 
tance to  the  value  of  these  machine-guns. 

This  question  might  be  readily  set  at  rest  by  refe- 
rence to  Colonel  Walker,  military  attache  at  Berlin  ; 
but  the  committee  are  the  more  disposed  to  adopt 
their  view  of  the  case  from  the  circumstance  that 
three  great  military  nations,  namely,  Russia,  Austria, 
and  Turkey,  have  apparently  been  induced  by  the 
experience  of  the  present  war  to  recognize  the  value 
of  these  weapons  by  giving  large  orders  for  immedi- 
ate supply. 

9.  Of  the  two  systems  of  machine-guns  which 
have  been  under  consideration  of  the  committee,  the 
Gatling  has  been  proved  to  be  far  superior,  and  the 
committee  can  only  account  for  the  preference  ex- 
pressed by  Major  Fosbery  for  the  "Montigny,"  in  his 
report  of  the  2d  September,  1868,  by  the  supposition 
that  he  had  not  personally  a  trial  of  the  Gatling  in 
its  present  perfected  condition. 

At  any  rate  he  could  not  have  seen  the  gun  worked 
with  the  "  feed-drum,"  which  is  one  of  the  most 
recent  improvements ;  the  original  mode  of  feed,  to 
which  Major  Fosbery  probably  refers,  was  undoubted- 
ly most  defective. 

The  particular  points  for  which  the  committee 
claim  the  superiority  of  the  Gatling  gun  over  the 
Montigny  are  as  follows  : 

1st.  Greater  destructive  effect,  owing  to  the  rapidi- 
ty with  which  it  can  be  fired. 

2d.  Greater  command  of  range ;  the  Montigny  sys- 
tem   being  necessarily   restricted   to   small   calibres, 
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whereas  the  Gatling  is  equally  adapted  to  large  as  to 
small  calibres. 

3d.  The  Gatling  gun,  so  far  as  the  experience  of 
the  committee  goes,  is  capable  of  being  worked  by 
fewer  men  than  the  Montigny. 

4th.  Greater  strength  and  simplicity  of  mecha- 
nism. 

5th.  Greater  facility  of  repair,  the  locks  of  the 
Gatling  being  removable,  and  easily  replaced  in  a 
few  minutes,  if  out  of  order  or  otherwise  injured; 
whereas  with  the  Montigny  mechanism,  a  similar 
accident  renders  the  gun,  for  the  time,  unserviceable. 

6th.  The  greater  demoralizing  effect  produced  by 
the  continuity  of  fire  of  the  Gatling  as  compared  with 
that  of  the  Montigny. 

7th.  The  "  drum"  arrangement  affords  a  better 
means  of  carrying  the  ammunition  uninjured  than 
the  plan  proposed  by  Major  Fosberry  for  the  Mon- 
tigny. 

The  results  of  the  recent  inquiry  have  fully  satisfied 
the  committee  of  the  expediency  of  introducing  a 
certain  proportion  of  these  machine-guns  to  act  as 
auxiliaries  to  the  other  arms  of  the  service,  and,  of 
the  several  designs  which  have  been  submitted  for 
their  consideration,  including  those  that  have  been 
under  trial,  they  are  persuaded  that  the  Gatling  gun 
is  the  best  adapted  to  meet  all  military  requirements. 

To  assist  in  defending  such  positions  as  villages, 
field  intrenchments,  etc.,  the  committee  feel  satisfied 
that  the  small  Gatling  would  be  invaluable. 

For  the  defense  of  caponnieres,  for  covering  the 
approach  to  bridges  or  tetes-de-pont,  for  defending  a 
breach,  and  for  employment  in  advanced  trenches  or 
in  field-works,  where  economy  of  space  is  of  the  ut 
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most  importance,  the  same  sized  Gatling  would  un- 
questionably be  a  most  effective  weapon. 

For  naval  purposes,  the  small  Gatling  would  ap- 
parently be  well  adapted  for  use  in  the  tops  of  ves- 
sels of  war,  to  clear  the  enemy's  decks,  or  open  ports ; 
while  for  gun-boats  that  carry  only  one  heavy  gun, 
and  for  boat  operations,  the  medium-sized  Gatling 
would  be  most  effective  in  covering  the  landing  of 
troops,  or  for  service  up  close  rivers. 

The  committee  are  also  impressed  with  the  effect 
produced  by  the  medium-sized  Gatling,  0.65-inch 
calibre,  at  long  ranges  as  compared  with  that  of  a 
field-gun  ;  but  looking  to  the  weight  of  ammunition 
required  to  produce  this  effect,  and  to  the  excep- 
tional conditions  under  which  the  larger  Gatling 
could  be  used  with  advantage  in  the  field,  they  are 
satisfied  that  a  gun  is  far  preferable  at  long  ranges, 
and  consequently  they  do  not  recommend  the  intro- 
duction of  the  larger  description  of  Gatling  for  land 
service. 

In  advocating  the  introduction  of  the  small  Gat- 
ling gun,  the  committee  wish  it  to  be  distinctly 
understood  that  they  do  not  for  a  moment  contem- 
plate their  supplanting  or  displacing  a  single  field- 
gun,  the  proportions  of  which  have  been  laid  down 
by  the  best  military  authorities  as  indispensable  for 
an  army  in  the  field. 

The  characteristics  of  the  two  weapons  are  essen- 
tially different.  Except  against  an  enemy  in  the  open, 
the  fire  of  a  mitrailleur  is  comparatively  worthless, 
whereas  artillery-fire  will  search  out  an  enemy  from 
almost  any  position,  whether  covered  by  trees,  brush- 
wood, earthworks,  or  houses,  and  at  distances  far 
beyond  the  range  of  a  mitrailleur  ;  but  in  the  open, 
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and  at  distances  up  to  twelve  hundred  yards,  there 
is  reason  to  believe  that  the  latter  will  be  found  the 
more  destructive,  owing  to  the  rapidity  and  continuity 
of  its  fire. 

The  committee  have  now  the  honor  to  submit  the 
following  recommendations : 

The  immediate  introduction  of  the  small  Gatling 
gun,  for  employment  in  the  field. 

The  guns  to  be  mounted  on  suitable  carriages, 
adapted  for  two-horse  draught. 

Cwts.        Qrs. 
Weight  of  gun,         ....         3  1 

Six  drums,  containing  each  368  rounds 

=2208, 3  2 

Carriage  and  limber,         .  10  0 

Total, 16  3 

The  whole  of  the  carriages  for  these  guns  should 
be  fitted  with  musket-proof  shields,  and  range-finders 
should  be  used  in  connection  with  them. 

The  exact  number  to  be  attached  to  each  brigade 
or  division,  as  well  as  the  mode  of  horsing  and  man- 
ning the  guns,  to  be  left  to  the  decision  of  the  proper 
authorities.  For  the  defense  of  caponnihres  and  field- 
works,  etc.,  to  be  mounted  on- carriages  suitable  for 
confined  spaces. 

For  the  navy,  to  be  mounted  on  such  carriages  or 
swivels  as  may  be  found  best  adapted. 

[See  illustration  of  launch  provided  with  the  gun 
in  the  steel-plate  engravings.] 

Should  these  recommendations  be  approved,  the 
committee  would  suggest  that,  for  a  first  installment, 
fifty  guns  of  the  small  calibre,  for  land  service,  and 
as  many  of  the  small  and  medium-sized  guns  as  the 
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Lords  Commissioners  of  the  Admiralty  may  consider 
requisite  for  the  navy,  be  ordered  from  Dr.  Gatling, 
pending  the  preparation  of  suitable  plant,  either  at 
Enfield  or  Woolwich,  for  future  production. 

The  carriages  to  be  designed  and  manufactured  in 
the  Royal  Carriage  Department. 

With  regard  to  ammunition,  the  cartridges  used  in 
the  recent  trials  were  supplied  from  America,  and 
were  manufactured  at  Bridgeport,  Ct. 

As  compared  with  the  Boxer  cartridge,  they  are 
expensive,  and  before  proceeding  to  make  provision 
for  supply  of  ammunition,  the  committee  recommend 
that  the  superintendent  Royal  Laboratory  be  asked  if 
he  can  make  a  cartridge  on  the  Boxer  principle,  which 
will  be  equally  suitable  for  service  with  the  Gatling 
guns. 

The  calibre  of  the  small  Gatling  tried  by  the  com- 
mittee was  0.42  inch,  but,  looking  to  the  probable  in- 
troduction of  a  small-bore  rifle  at  a  period  not  far 
distant,  the  committee  consider  it  indispensable  that 
the  bore  and  rifling  of  the  Gatling  barrels  should  be 
made  to  correspond,  namely,  0.45  bore,  so  as  to  pro- 
vide for  the  possibility  in  future  of  having  an  inter- 
changeable ammunition. 

The  committee  have  ascertained  from  Dr.  Gatling 
that  there  will  be  no  difficulty  or  delay  by  the  adop- 
tion of  a  0.45  calibre,  with  the  rifling  and  weight  of 
bullet  and  charge  of  the  Martini-Henry  rifle. 

We  have  the  honor  to  be,  sir,  your  obedient  ser- 
vants, 

E.  Wrat,  Colonel  R.  A.,  President. 

F.  A.  Foley,  Captain  E.  JV. 

G.  Shaw,  Colonel  E.  A. 
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H.  C.  Fletcher,  Lieutenant- Colonel,  Scots  Fusilier 

Guards. 
Frederick  Beaumont,  Captain  R.  E. 
W.  H.  Noble,  Captain  R.  A. 
H.  Heyman  Lieutenant- Colonel,  /Secretary. 
The  Director" of  Artillery,  War  Office,  Pall  Mall. 

FURTHER    TRIALS    AND    ADOPTION     OF    THE    GATLING    GUNS 
BY    THE    BRITISH    GOVERNMENT. 

One  would  naturally  conclude  that  after  these  ex- 
periments and  trials,  so  severe  and  exhaustive,  there 
could  be  no  further  doubt  of  the  great  superiority  of 
the  Gatling  gun,  yet  it  was  not  until  after  these  guns 
were  brought  to  Woolwich,  and,  in  the  words  of  the 
London  papers,  "  subjected  to  a  general  and  exhaus- 
tive trial  at  the  Government  Butts,  Royal  arsenal," 
that  they  were  finally  adopted  by  the  British  govern- 
ment ! 

Thus  has  the  Gatling  gun  steadily,  slowly,  and 
surely  fought  its  way,  inch  by  inch  and  step  by  step, 
against  the  strongest  opposition  of  prejudice,  old-es- 
tablished notions,  pecuniary  interests  and  rival  arms, 
and  through  the  stern  ordeal  of  long,  frequent,  and 
severe  tests  and  trials,  to  the  front  rank  it  now  so 
proudly  and  defiantly  occupies  ! 

ADOPTION    BY   VARIOUS    GOVERNMENTS. 

Adopted  by  the  governments  of  the  United  Sates, 
Russia,  England,  Turkey,  Hungary,  and  Egypt,  the 
various  sizes  of  these  arms  are  now  being  manufac- 
tured at  Colt's  armory,  Hertford,  United  States ;  by 
Messrs.  Paget  &  Co.,  Vienna,,  Austria ;  by  Sir  Wil- 
liam G.  Armstrong  &  Co.,  Newcastle-on-the-Tyne, 
England ;  and  at  Nobel's  Works,  St.  Petersburg, 
Russia. 
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MAIN      FEATURES      AND      SUPERIORITY      OF      THE     GATLING 

GUN. 

The  main  features  and  superiority  of  the  Gatling 
gun  may  be  summed  up  thus : 

1.  Its  rapidity  and  continuity  of  fire. 

2.  Its  simplicity — there  is  nothing  complex  about 
the  gun. 

3.  Each  barrel  in  the  gun  is  provided  with  its  own 
independent  lock  or  firing  mechanism. 

4.  These  locks  are  made  interchangeable,  and  are 
strong  and  durable ;  but  should  they  get  out  of  order, 
the  gun  is  so  constructed  that  any  one  or  all  of  them 
can  be,  in  a  few  moments,  taken  out  and  others  in- 
serted in  their  places,  and  so  the  gun  can  be  kept  in 
perfect  working  order  at  all  times  on  the  field  of  bat- 
tle. It  will  not  be  denied  that  this  is  a  feature  of 
the  greatest  value,  as  the  lock  mechanism  is  the  most 
essential  part  of  a  machine-gun,  and  is  the  only  part 
liable  to  get  out  of  order  from  use. 

5.  All  the  locks  revolve  simultaneously  with  the 
barrels,  carrier,  and  inner-breech,  when  the  gun  is  in 
operation.  The  locks  also  have  a  reciprocating 
motion  when  the  gun  is  revolved.  The  gun  can  not 
be  fired  when  either  the  barrels  or  locks  are  at  rest. 

6.  The  gun  is  made  of  single  barrels,  open  at  muz- 
zle and  breech,  with  space  between  them  for  the  free 
circulation  of  air  and  radiation  of  heat,  thus  prevent- 
ing to  a  great  extent  that  heating  and  fouling  of  the 
barrels  which,  otherwise,  the  rapidity  and  continuity 
of  its  fire  would  cause. 

7.  The  isolation  of  the  barrels  makes  their  expan- 
sion and  contraction  equal  and  uniform,  and  thus  they 
suffer  no  distortion  from  these  causes,  as  they  would 
if  massed  together. 


14:2  SCIENCE   EECORD. 

8.  The  barrels  are  open  from  end  to  end,  and  can 
easily  be  kept  clean  by  the  use  of  a  swab  or  wiper. 

9.  The  cartridges  are  loaded  directly  into  the  rear 
ends  of  the  barrels ;  thus  all  leakage  of  gas  at  the 
breech  is  prevented. 

10.  The  gun  fires  a  shot  at  a  time  in  rapid  succes- 
sion, and  thus  by  dividing  the  time  used  in  rapid  fir- 
ing into  equal  parts  between  the  discharges,  and  pre- 
venting an  accumulation  of  recoil,  it  admits  of  larger 
charges,  heavier  balls,  and,  consequently,  greater 
range. 

11.  This  peculiarity  of  no  recoil  is  of  special  value 
in  the  defenses  of  bridges,  fords,  mountain  passes, 
etc.,  which  are  frequently  attempted  during  darkness, 
fog,  or  storm,  as  also  in  the  smoke  of  battle,  when  the 
movement  of  the  enemy  can  not  be  accurately  ob- 
served. 

12.  Firing  a  shot  at  a  time  also  allows  a  lateral- 
motion  of  the  gun  to  be  kept  up  during  the  time  of 
firing,  which  result  is  attained  in  the  Broadwell  car- 
riage upon  which  it  is  mounted,  or  by  the  Kinne 
attachment  to  the  carriage  manufactured  at  Colt's 
armory,  Hartford,  Ct.,  by  which  the  gun  is  traversed 
automatically. 

13.  EV  re-sighting  and  relaying  are  necessary 
between  the  discharges.  When  the  gun  is  once  sight- 
ed, its  carriage  does  not  move  but  at  the  will  of  the 
operator,  and  the  gun  can  be  moved  laterally  when 
firing  is  going  on,  as  heretofore  remarked,  so  as  to 
sweep  the  sector  of  a  circle  of  twelve  or  more  degrees, 
without  moving  the  trail  or  changing  the  wheels  of 
the  carriage. 

14.  The  continuous  firing,  a  shot  at  a  time,  avoids 
all  deflections  of  the  balls. 
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15.  As  musketry-fire,  the  small  Gatling  can  be 
trained  with  far  more  accuracy  and  delicacy  than 
small  arms  from  the  shoulders,  and  has  no  nerves  to 
be  disturbed  in  the  din,  confusion,  and  carnage  of  the 
battle-field,  nor  will  the  smoke  of  battle  prevent  its 
precision. 

16.  It  requires  fewer  horses  and  men  to  serve  it. 
The  weight  of  the  small  Gatling  is  only  three  hun- 
dredweight ;  of  the  medium,  five  hundredweight,  and 
of  the  largest  sized,  six  hundredweight.  Two  men 
serve  the  first,  and  from  five  to  seven  men  the  last 
two.  A  still  smaller-sized  gun,  weighing  only  one 
hundred  and  twenty-five  pounds,  has  recently  been 
constructed  at  Colt's  armory  under  the  supervision  of 
Dr.  Gatling,  a  full  description  of  which  is  given  here- 
after. 

17.  Its  great  economy,  not  only  in  men  and  horses, 
but  in  ammunition. 

18.  The  great  safety  in  the  transportation  of  this 
ammunition.  The  cartridge  cases  or  shells  for  the 
larger  Gatling  guns  are  constructed  of  sheet-metal 
which  is  TVV  of  an  inch  thick;  the  heads  are  made 
solid,  and  solder  is  used  in  their  bases.  These  shells 
can  be  reloaded  and  fired  from  fifty  to  one  hundred 
times.  They  are  also  water-proof,  strong  enough 
to  stand  all  usage  incident  to  the  service,  and  are 
safer  in  transportation,  are  of  less  weight,  and  occupy 
less  space,  thus  requiring  fewer  men  and  horses  for 
their  transportation  and  service,  than  artillery  ammu- 
nition. By  carrying  loading-machines,  with  extra 
balls  and  powder,  and  detailing  men  to  reload  the 
shells  after  they  have  been  fired  on  the  field  of  battle, 
a  supply  of  ammunition  can  always  be  kept  up  in 
time  of  action. 
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19.  The  operation  of  loading  is  greatly  simplified. 
There  is  no  need  of  sponging,  capping,  priming,  ad- 
justing of  fuses,  cocking,  etc.  All  that  is  required  is 
to  supply  the  hopper  with  the  cartridges  and  to  turn 
the  crank,  when  a  continuous  stream  of  balls  can  be 
discharged. 

20.  The  flanges  of  the  cartridges  have  square  faces 
in  front,  which  enable  the  shells  to  be  easily  extracted 
from  the  chambers  of  the  barrels,  after  they  have 
been  fired,  by  the  improved  extractors  with  which  the 
locks  are  now  made. 

21.  The  great  range  of  the  large  gun,  equal  to  that 
of  the  field-gun  for  all  practical  purposes,  and,  in 
accuracy  and  precision,  greater,  given  to  it  from  the 
use  of  the  elongated  leaden  bullet,  which  has  great 
specific  gravity  and  small  air  resistance. 

22.  The  projectiles  of  the  large  gun  may  be  either 
solid  shot,  shell,  or  canister,  like  those  of  field  artil- 
lery. 

23.  The  balls  of  the  Gatling  gun  ricochet  for  a 
greater  distance  than  the  shells  or  missiles  of  the 
field-piece. 

24.  The  feeding  drums  and  feed  cases  of  the  gun 
can  all  be  used  with  any  gun  of  the  same  calibre. 

25.  The  working  parts  of  the  gun  are  encased  in 
the  breech  covering  so  as  to  be  entirely  protected 
from  dust  and  bad  weather. 

26.  The  largest-sized  gun,  with  a  range  of  from 
two  thousand  to  three  thousand  yards,  can  be  taken 
apart,  packed  on  mules,  carried  across  mountains, 
and  on  its  arrival  at  its  destination  can  be  reassem- 
bled in  a  few  minutes. 


THE    GATLING    GUN, 
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description  of  the  gating  gun. 

Its  general  appearance  will  be  seen  by  reference  to 
the  central  figure  in  the  steel-plate  engraving  on  page. 

The  gnn  consists  of  a  series  of  barrels  in  combina- 
tion with  a  grooved  carrier  and  lock-cylinder.  All 
these  several  parts  are  rigidly  secured  upon  a  main 
shaft.  There  are  as  many  grooves  in  the  carrier 
and  as  many  holes  in  the  lock-cylinder  as  there  are 
barrels.  Each  barrel  is  furnished  with  one  lock,  so 
that  a  gun  with  ten  barrels  has  ten  locks.  The  locks 
work  in  the  slots  formed  in  the  lock-cylinder  parallel 
to  the  axes  of  the  barrels.  The  lock-cylinder,  which 
contains  the  locks,  is  surrounded  by  a  casing  which  is 
fastened  to  a  frame,  to  which  trunnions  are  attached. 
There  is  a  partition  in  the  casing,  through  which 
there  is  an  opening,  and  into  which  the  main  shaft, 
which  carries  the  lock-cylinder,  carrier,  and  barrels, 
is  journaled.  The  main  shaft  is  also,  at  its  front  end, 
journaled  in  the  front  part  of  the  frame. 

In  front  of  the  partition,  in  the  casing,  is  placed  a 
cam,  provided  with  screw  surfaces.  This  cam  is 
rigidly  fastened  to  the  casing,  and  is  used  to  impart  a 
reciprocating  motion  to  the  locks  when  the  gun  is  re- 
volved. There  is  also,  in  the  front  part  of  the  casing, 
a  cocking-ring,  which  surrounds  the  lock-cylinder,  is 
attached  to  the  casing,  and  has  on  its  rear  surface  an 
inclined  plane  with  an  abrupt  shoulder.  This  ring 
and  its  projection  are  used  for  cocking  and  firing  the 
gun.  This  ring,  the  spiral  cam.  and  the  locks  make 
up  the  loading  and  firing  mechanism. 

On  the  rear  end  of  the  main  shaft,  in  the  rear  of 
the  partition  in  the  casing,  is  located  a  gear-wheel, 
which  works  to  a  pinion  on  the  crank-shaft.  The 
rear  of  the  casing  is  closed  by  the  cascable  plate. 
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There  is  hinged  to  the  frame  in  front  of  the  breech- 
casing  a  curved  plate,  covering  partially  the  grooved 
carrier,  in  which  is  formed  an  opening  through  which 
the  cartridges  are  fed  to  the  gun  from  feed-drums. 
The  frame  which  supports  the  gun  is  mounted  upon 
the  carriage  used  for  the  transportation  of  the  gun. 

The  operation  of  the  gun  is  very  simple.  One  of 
the  feed-drums  filled  with  cartridges  is  placed  upon 
the  gun  as  shown  in  the  engraving ;  a  man  then  turns 
the  crank,  which,  by  the  agency  of  the  gearing,  re- 
volves the  main  shaft,  carrying  with  it  the  lock-cylin- 
der, carrier,  barrels,  and  locks.  As  the  gun  is  revolv- 
ed, the  cartridges,  one  by  one,  drop  into  the  grooves 
of  the  carrier  from  the  feed-cases,  and  instantly  the 
lock,  by  its  impingement  on  the  spiral  cam  surfaces, 
moves  forward,  pushes  the  cartridge  into  the  cham- 
ber, and  when  the  butt  end  of  the  lock  gets  on  the 
highest  projection  of  the  cam,  the  charge  is  fired, 
through  the  agency  of  the  cocking  device,  which  at 
this  point  liberates  the  lock,  spring,  and  hammer,  and 
explodes  the  cartridge.  As  soon  as  the  charge  is 
fired,  the  lock,  as  the  gun  is  revolved,  is  drawn  back 
by  the  agency  of  the  screw  surface  in  the  cam  acting 
on  a  lug  of  the  lock,  bringing  with  it  the  shell  of  the 
cartridge  after  it  has  been  fired,  which  is  dropped  on 
the  ground.  Thus,  it  will  be  seen,  when  the  gun  is 
revolved,  the  locks  in  rapid  succession  move  forward 
to  load  and  fire,  and  return  to  extract  the  cartridge 
shells.  In  other  words,  the  whole  operation  of  load- 
ing, closing  the  breech,  discharging,  and  expelling 
the  empty  cartridge  shells,  is  conducted  while  the 
barrels  are  kept  in  continuous  revolving  movement. 
It  must  be  borne  in  mind  that  while  the  locks  revolve 
with  the  barrels,  they  have  also,  in  their  line  of  travel, 
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a  spiral  reciprocating  movement ;  that'  is,  each  lock 
revolves  once  and  moves  forward  and  back,  at  each 
revolution  of  the  gim. 

The  feed- drum  has  been  lately  applied  to  the  gun 
by  Mr.  L.  W.  Broad  well.  It  takes  the  place  of  the 
feed-cases  previously  used.  The  feed-drum  is  a  cylin- 
der, containing  four  hundred  cartridges,  and  by  its 
use,  four  hundred  shots  can  be  fired,  one  man  only 
being  required  to  work  the  gun — that  is,  to  attend  to 
the  feed  and  turn  the  crank — and  all  of  these  shots 
can  be  fired  in  one  minute.  The  ammunition  is  car- 
ried in  the  drums,  and  as  soon  as  one  is  emptied,  it  is 
removed  and  replaced  by  a  full  one,  the  change  only 
requiring  a  few  seconds. 

The  carriages  for  the  gun  which  are  represented  in 
the  plates  are  manufactured  in  Europe,  of  wrought 
and  cast-iron ;  those  made  at  Colt's  Armory,  Hart- 
ford, Ct,  are  constructed  of  wood,  and  there  is  at- 
tached to  them  an  automatic  traversing  apparatus, 
which  by  the  act  of  turning  the  crank,  causes  the  gun 
to  traverse  through  a  maximum  angle  of  six  degrees. 
This  angle  can  be  diminished  at  will,  or  the  appa- 
ratus can  be  thrown  out  of  gear  in  an  instant,  and 
the  gun  be  fired  in  one  direction. 

During  the  past  four  years  the  gun  has  been  large- 
ly manufactured  at  Colt's  Armory,  Hartford,  Ct.,  and 
various  improvements  in  its  details  have  been  made 
on  the  original  model. 

Major-General  A.  Gorloff,  Eussian  Artillery,  has 
studied  it  carefully  in  the  interest  of  his  government, 
and  has  adapted  it  for  the  use  of  the  Eussian  regula- 
tion metallic  cartridge  devised  by  him.  The  result 
is  that  the  Eussian  government  has  a  large  number 
of  Gatling  batteries  that  are  very  superior  arms. 
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THE   VARIOUS    SIZES   OF   THE    GATLING    GUNS. 

The  following  show  the  various  sizes  of  the  Gatling 
guns  as  now  manufactured  by  the  Colt's  Fire- Arms 
Manufacturing  Company,  at  Hartford,  Ct. : 

1st.  The  smallest  size  has  ten  steel  rifled  barrels, 
and  is  made  of  any  proper  calibre  to  suit  the  musket 
cartridges  used  by  different  governments. 

2d.  The  second-sized  gun  has  ten  steel  rifled  bar- 
rels, is  T6oyinch  calibre,  and  discharges  solid  lead 
balls  weighing  three  and  a  quarter  ounces. 

3d.  The  third-sized  gun  has  ten  steel  rifled  barrels, 
is  yYo-inch  calibre,  and  discharges  solid  lead  balls 
weighing  four  and  a  half  ounces.  This  gun  in  its 
exterior  dimensions  is  precisely  the  same  as  the  T6oV 
inch  calibre  gun. 

4th.  The  fourth  or  largest-sized  gun  is  of  one-inch 
calibre,  is  made  with  six  (sometimes  with  ten)  barrels, 
and  discharges  solid  lead  balls  weighing  one  half 
pound.  This  gun  also  uses  a  canister  cartridge  which 
contains  sixteen  balls.  It  also  discharges  explosive 
balls  with  great  effect. 

THE   CAMEL   GUN. 

In  addition  to  these  arms,  Dr.  Gatling  has  recently 
invented  and  constructed  a  small  camel  gun  weighing 
only  one  hundred  and  twenty-five  pounds,  but  found- 
ed on  the  same  general  principle  as  his  other  guns. 
One  of  the  views  in  our  steel-plate  engraving  illus- 
trates the  method  of  mounting  the  gun  on  the  back 
of  the  camel.  It  has  ten  barrels,  uses  f^-inch  Rus- 
sian musket  cartridges,  fires  at  the  rate  of  between 
three  hundred  and  four  hundred  shots  per  minute, 
and  can  be  easily  transported  on  the  back  of  a  camel, 
or  upon  horseback,  as  also  shown  in  our  plate.     It  is 
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also  mounted  on  a  tripod,  which  weighs  only  thirty- 
six  pounds,  as  also  shown  in  our  plate,  and  is  so 
pivoted  on  it  as  to  be  made,  at  the  will  of  the  opera- 
tor, to  cover  any  or  all  points  of  the  compass.  It  can 
also  be  carried  short  distances  by  men,  as  also  shown 
in  our  steel  plate. 

Colonel  H.  H.  Maxwell,  It.  A.,  superintendent  of 
the  Cossipore  gun  foundry  in  India,  has  written  re- 
cently a  very  interesting  pamphlet  on  the  employment 
of  camels  for  the  transportation  of  small  cannons. 
He  claims  that  the  Affghans  were  the  first  thus  to  use 
them,  and  that,  in  a  battle  on  the  8th  of  March,  1722, 
between  fifteen  thousand  of  them  with  one  hundred 
camels,  each  carrying  a  swivel  gun  on  its  back,  and 
sixty  thousand  Persians,  they  defeated  the  Persians. 
The  system  was  then  introduced  into  the  Persian 
army  and  so  continues  until  this  day. 

The  gun  was  of  twisted  iron  27.6"  long,  and  carried 
a  wrought-iron  ball  of  fourteen  ounces  in  weight. 
The  piece  had  a  flint  lock.  Two  saddle-bags  contain- 
ed fifty  cartridges  of  round  balls  and  grape  shot,  be- 
sides twenty  blank  cartridges  for  salutes.  Weight  of 
the  whole  load,  including  gunner,  485.1  lbs.  With 
this  load  the  camel  can  travel  thirty-five  miles  a  day. 
The  first  Napoleon,  during  his  occupation  of  Egypt, 
employed  camel  corps  to  enable  him  to  cope  with  his 
fleet  antagonists,  the  Arabs.  The  British  have  also 
organized  camel  corps  in  India.  These  consist  of 
infantry  soldiers  armed  with  muskets  and  provided 
with  sixty  rounds  of  ball-cartridges,  mounted  on  the 
back  of  a  camel. 

Commenting  on  these  facts,  Colonel  Maxwell  truly 
remarks : 

"  Could  such  corps,  in  addition  to  their  power  of 
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locomotion,  be  endowed  with  increased  power  of 
musketry  fire,  their  value,  from  a  strategical  and 
tactical  point  of  view,  would  be  vastly  increased. 
Combined  with  cavalry,  they  would  be  especially 
suitable  to  such  operations  as  reconnaissances,  as  they 
would  provide  the  reconnoitring  force  with  precisely 
the  element  in  which  reconnoitring  parties  are  usual- 
ly deficient,  namely,  missile  power  and  capacity  of 
resistance  in  case  of  surprise ;  further,  for  suddenly 
seizing  important  strategic  points,  such  as  the  junction 
of  a  number  of  ordinary  roads  or  railroads,  fords, 
bridges  ;  or,  for  making  requisitions,  covering  forage 
parties,  seizing  boats  in  a  river,  escorting  convroys  and 
the  like. 

"  As  we  have,  in  the  north-west  of  India,  a  splen- 
did breed  of  camels,  it  seems  desirable  to  adapt  their 
locomotive  and  carrying  power  to  military  purposes, 
in  combination  with  the  latest  invention  in  fire-arms. 

"  The  Gatling  gun  having  met  with  the  approval 
of  a  mixed  committee  of  officers  at  Shoeburyness,  it 
may  be  worthy  of  consideration  whether  a  light  gun 
on  this  system  could  not  be  made  of  a  weight  suitable 
for  a  camel  gun." 

We  presume  it  was  on  this  suggestion  from  this 
distinguished  and  experienced  artillery  officer,  that 
Dr.  Gatling  turned  his  attention  to  the  consideration 
of  the  completion  of  a  small  Gatling  gun  that  would 
fill  all  these  requirements.  And  he  has  succeeded 
admirably,  again  adding  to  his  high  and  world-wide 
reputation.  His  camel  gun  is  a  model  of  beauty  and 
efficiency.  It  will  prove  an  invaluable  arm  not  only 
in  those  countries  where  camels  can  be  employed  for 
their  transportation,  but  mounted  on  horse  or  mule 
it   will    prove    equally    invaluable   in   mountainous 
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regions  where  there  are  no  wagon  roads,  and  in  all 
the  multitudinous  duties  of  cavalry  service  where 
great  celerity  of  movement  is  so  important  and 
desirable. 

CONCLUSION. 

We  deal  in  no  extravagant  language  when  we  say 
that  the  importance  of  this  great  invention  can  hard- 
ly be  overestimated.  The  absorbing  interest  with 
which  it  has  been  regarded  by  the  foremost  govern- 
ments in  the  world ;  the  searching  and  thorough 
scrutiny  and  investigations  with  which  it  has  been 
treated ;  the  severe  and  exhaustive  tests  and  trials  to 
which  it  has  been  subjected;  the  complete  triumph 
which  it  has  achieved  upon  every  field  ;  its  adoption 
by  almost  every  civilized  nation ;  and  the  revolution 
which  its  successful  operation  is  compelled  to  bring 
about  in  military  affairs  warrant  the  statement. 
That  these  guns  will  play  a  most  prominent  and 
decisive  part  in  all  future  wars,  no  intelligent  mind 
will  gainsay ;  and  it  requires  no  gift  of  prophecy  to 
predict  that  upon  the  pages  of  imperishable  history 
that  will  record  the  details  and  the  results  of  these 
wars,  the  name  of  G-atllng  will  be  indelibly  stamped. 


A    NEW    SPECTROSCOPE. 

At  a  soiree  at  the  Royal  Society,  in  London,  Mr. 
Browning  exhibited  a  spectroscope  in  which  the  rays 
of  light  pass  through  two  batteries  of  prisms,  and  are 
then  sent  back  through  both  trains  of  prisms  to  the 
eye  of  the  observer,  by  means  of  a  reflecting  prism 
placed  behind  the  last  prism  of  the  train.  In  this 
manner  a  dispersive  power  equal  to  nineteen  prisms 
of  flint  glass  is  obtained.     Both  trains  of  prisms,  as 
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well  as  the  intermediate  prisms,  are  under  the  control 
of  an  automatic  movement,  which  insures  that  every 
ray  shall  pass  at  the  minimum  angle  of  deviation  for 
the  particular  ray  under  examination.  Both  the  col- 
limator and  telescope  are  fixed — the  prisms  only  are 
movable.  It  will  readily  be  understood  that  this 
arrangement  is  highly  advantageous. 

The  D  lines  in  the  spectrum  of  sodium  are  seen  in 
this  instrument  separated  by  an  apparent  interval  of 
more  than  one  eighth  inch,  and  under  favorable  con- 
ditions of  the  atmosphere  ten  or  twelve  lines  are  visi- 
ble between  them. 


The  engraving  will  give  an  idea  of  the  principle  of 
construction  of  this  powerful  spectroscope.  The 
dotted  line  shows  the  path  of  the  rays  through  the 
two  batteries  of  prisms.  The  line  of  light  first  falls 
on  the  side  of  the  prism  A ;  it  is  then  refracted  by 
each  prism  successively  until  it  reaches  B,  from  this 
it  passes  into  the  prism  C,  which  refracts  the  light  at 
the  first  surface,  and  then  totally  reflects  it  at  the 
second  surface  to  the  third  surface,  where  it  is  once 
more  refracted  to  D.     It  is  then  further  successively 
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refracted  by  each  of  the  train  of  prisms,  and  sent 
back  through  the  upper  half  of  the  prisms,  having 
in  the  first  instance  passed  through  the  lower  half. 
With  the  exception  of  the  height  at  which  the 
raj  passes,  it  may  be  considered  to  retrace  the 
path  which  has  been  already  described,  and  to 
emerge  again  at  A.  For  the  sake  of  clearness,  the 
contrivance  by  which  motion  is  continued  from 
the  first  to  the  second  train  of  prisms  is  omitted 
in  the  diagram.  This  spectroscope  is  intended  for 
application  to  a  very  powerful  telescope,  for  the 
purpose  of  observing  the  solar  prominences. 

Mr.  Browning  also  exhibited  a  diffraction  spec- 
trum, produced  by  means  of  fine  lines  cut  about  one 
fifteen  hundredth  of  an  inch  apart  from  each  other  on 
the  surface  of  a  small  piece  of  glass.  The  plate  was 
prepared  by  Mr.  L.  Rutherf ord,  of  New-York. 


RECENT  RAILWAY  DECISIONS. 

Common  Carriers. — Checking  baggage;  Duty  of 
carrier  as  to  baggage;  Connecting  lines  of  rail- 
way ;  Negligence. — The  plaintiff  purchased  a  ticket 
at  a  station  on  defendants'  road  for  New- York,  and 
checked  his  baggage  for  that  place.  The  defendants' 
road  extended  only  a  portion  of  the  route  to  New- 
York,  but  passengers  and  baggage  were  transported 
by  a  connecting  road.  On  plaintiff's  arrival  at  his 
destination  he  did  not  at  once  call  for  his  trunk,  but 
left  it  until  the  second  day,  when,  on  demanding  it, 
it  was  discovered  to  be  lost :  held,  that  the  fair  com 
struction  was  that  the  defendants  agreed,  for  a  con- 
sideration, to  transport  plaintiff  and  his  trunk  to  New- 
York,  and  deliver  the  latter  to  him  on  his  arrival,  if 
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called  for ;  if  not,  that  it  should  be  properly  stored, 
and  reasonable  care  exercised  to  prevent  injury  or  loss 
until  it  was  called  for. 

The  connecting  railway  company  being  the  agents 
of  the  defendants  in  performing  the  contract,  and  the 
contract  of  storage  being  part  of  the  original  contract 
of  carriage,  it  follows  that  the  defendants  are  liable 
if  any  one  is. 

The  failure  of  the  connecting  company  to  produce 
the  subject  of  bailment  when  demanded,  prima  facie 
established  negligence  and  want  of  due  care.  When 
there  is  a  total  default  to  deliver  the  goods  bailed,  on 
demand,  the  onus  of  account  lies  with  the  bailee. 
'  To  show  that  the  bailee  is  generally  careful  does 
not  establish  as  a  question  of  law  that  he  was  not 
careless  as  to  the  particular  article. — Burnell  vs.  New- 
York  Central  Railway. 

Liability  for  neglect  in  forwarding  goods. — The 
plaintiff  having  a  lot  of  wool  which  he  had  contracted 
to  sell  at  a  certain  price,  delivered  in  B,  called  upon 
the  agent  of  defendants,  common  carriers,  and  told 
him  that  he  wished  to  send  it  to  B  immediately,  and 
that  it  was  sold  if  it  could  be  forwarded  at  once. 
The  agent  told  him  that  it  should  go  without  fail. 
The  plaintiff  delivered  it  accordingly,  but  the  defen- 
dants neglected  to  forward  it  for  several  weeks,  during 
which  time  it  depreciated  in  value,  and  on  its  arival 
in  B,  the  purchaser  declined  to  receive  it,  on  account 
of  this  delay,  and  the  plaintiff  was  compelled  to  sell 
it  at  a  diminished  price:  held,  that  plaintiff  could 
recover  damages  for  the  depreciation  in  its  market 
value,  and  also  for  the  loss  of  his  chance  to  sell. — 
Deming  vs.  Grand  Trunk  Railway  Co.  (N".  H.)  267. 

Common  Carriers. — Liability  for  baggage  received 
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for  transportation. — The  plaintiff  was  a  passenger 
on  defendants'  road,  but  had  lost  her  trunk  while 
traveling  over  a  connecting  road.  A  few  days  after, 
a  conductor  on  a  connecting  road  found  the  trunk, 
and  left  it  in  charge  of  the  defendants'  baggage-mas- 
ter, stating  the  facts,  and  requesting  him  to  forward 
it  to  plaintiff,  which  he  agreed  to  do.  Nothing  was 
said  about  freight,  nor  whether  the  trunk  should  go 
by  the  freight  or  passenger  train.  The  trunk  being 
lost :  held,  that  the  defendants  were  liable  for  its 
value. — Wilson  vs.  Grand  Trunk  Railway.  (Me.) 
26. 

Common  Carriers. — Duty  to  carry  all  freight  with- 
out preference. — The  defendants  contracted  with  the 
Eastern  Express  Company  to  give  the  latter  a  certain 
share  in  the  baggage  and  mail-car  attached  to  pas- 
senger trains,  for  the  carriage  of  their  goods,  and 
agreed  not  to  let  any  similar  space  in  any  car  at- 
tached to  passenger  trains  to  any  other  person  or  ex- 
press carriers  during  the  continuance  of  the  contract. 
Plaintiffs,  another  express  company,  offered  packages 
to  be  transported  on  defendants'  passenger  trains, 
which  the  defendants  refused  to  receive  or  transport : 
held,  that  defendants  were  liable  to  plaintiff  for  such 
refusal. — !N".  E.  Express  Co.  vs.  Maine  Central  Rail- 
road Co.  (Me.)  31. 

Negligence  in  crossing  railway  track. — It  is  the  clear 
duty  of  a  traveler  upon  the  highway,  in  approach- 
ing a  railway  crossing,  to  use  all  proper  precautions 
to  avoid  injury,  and  the  least  he  can  do  is  to  look  in 
both  directions  from  which  trains  may  approach. 

And  where  the  traveler  neglects  to  so  look,  the  rail- 
way company  will  not  be  liable  for  the  injury  done 
him  by  a  passing  train,  although  those  managing  the 
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train  are  negligent  in  not  giving  the  required  signals, 
or  any  signal,  when  approaching  the  crossing. — Gor- 
ton vs.  Erie  Railway  Co.,  New- York  Court  of  Ap- 
peals, June,  1871. 

Negligence. — Of  contributory  negligence. — In  an 
action  against  a  railway  company  to  recover  damages 
for  the  death  of  a  person,  caused  by  the  alleged  neg- 
ligence of  the  company,  while  the  deceased  was  en- 
gaged in  unloading  a  coal-car,  it  was  deemed  the  cen- 
tral question  whether  the  deceased  used  proper  care 
and  caution  in  entering  upon  the  car  under  the  cir- 
cumstances then  existing,  the  company's  employees 
being  at  the  time  engaged  in  switching  upon  the  track 
where  the  car  was  standing,  in  making  up  a  train ;  for 
however  discreet  and  careful  the  deceased  may  have 
been  on  the  car,  the  question  remained,  and  to  be 
submitted  to  the  jury,  was  he  justified  in  being  there 
at  the  time  and  under  the  circumstances  ? — I.  C.  R.  R. 
vs.  Wei  don. 

Right  to  demand  extra  fare  when  paid  in  cars. — 
By  the  regulation  of  defendants,  a  railway  company, 
persons  taking  passage  in  their  cars,  at  a  place 
where  a  ticket- office  was  established,  without  first 
procuring  a  ticket,  were  charged  ten  cents  extra  in 
addition  to  the  regular  fare.  The  plaintiff  finding 
the  ticket-office  closed,  entered  the  cars  without  a 
ticket,  intending  to  go  to  M.  ;  made  known  to  the 
conductor  his  destination,  and  gave  him  fifty  cents, 
which  was  the  regular  fare  ;  the  conductor  demanded 
the  additional  ten  cents,  which  was  refused,  and  the 
plaintiff  was  expelled  at  J.,  the  car-fare  to  which  was 
fifty  cents  :  held,  in  an  action  for  damages  ;  1st,  that 
the  conductor  having  accepted  and  retained  the  fifty 
cents,  could   not  afterward  eject  the  plaintiff;   2d, 
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that  evidence  was  inadmissible  to  show  the  car-fare 
to  J. ;  and  3d,  that  the  company,  in  order  to  enforce 
said  regulations,  were  bonnd  to  keep  their  ticket- 
office  open  a  reasonable  time  in  advance  of  the  de- 
parture of  trains,  to  enable  passengers  to  procure 
their  tickets. — Du  Laurens  vs.  The  first  division  of 
the  St.  Paul  and  Pacific  Kailroad  Co.  (Minn.)  102. 

liability  of  railways  for  injuries  to  persons  im- 
properly upon  their  track. — A  railway  company 
whose  train  is  approaching  a  man  walking  length- 
wise upon  their  track,  which  rings  its  bell  and  sounds 
its  whistle  in  time  to  enable  him  to  get  off,  is  not 
liable  for  an  injury  which  happens  to  him  under  such 
circumstances. — Mary  Finlayson,  administratrix,  vs. 
The  C.  B.  and  Q.  Kailroad,  IT.  S.  Circuit  Court,  Dis- 
trict of  Iowa. 

Liability  of  railways  as  warehousemen  for  baggage 
of  passengers. — When  a  passenger  upon  a  railway 
purchases  his  ticket,  and  checks  his  baggage  to  the 
place  of  his  destination,  and  such  baggage  arrives  at 
its  destination,  and  is  not,  from  any  cause,  delivered 
to  such  passenger,  or  to  his  agent :  it  was  held,  that 
it  was  the  duty  of  the  company  to  deposit  such  bag- 
gage in  their  baggage-room,  in  which  event  their  re- 
sponsibility becomes  that  of  warehousemen,  and  they 
must  respond  in  damages  for  any  neglect  in  that  ca- 
pacity. 

It  is  not  necessary  that  such  a  place  of  deposit 
should  be  absolutely  fire- proof,  or  burglar  proof,  but 
such  a  place  as  a  man  of  ordinary  prudence  would 
use  for  the  storage  of  his  own  goods. — C,  K.  I.  and 
P.  Kailroad  Co.  vs.  Fairdough,  Southern  Circuit,  111. 

Liability  of  railway  companies  for  injury  to  their 
servants  occasioned  by  dangerous  structures. — In  an 
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action  against  a  railway  company  for  injuries  sus- 
tained by  the  plaintiff  while  in  the  service  of  the 
company  as  abrakeman,  the  evidence  showed  that  the 
injury  complained  of  happened  while  plaintiff  was 
engaged  in  the  discharge  of  his  duties,  by  collision 
with  a  projecting  awning  from  one  of  the  station- 
houses  on  defendants'  line  of  road,  whereby  he  was 
knocked  off  the  car  and  so  injured  as  to  require  am- 
putation of  his  left  arm ;  and  that  the  dangerous 
position  of  this  awning,  was  well  known  to  the 
division  superintendent  and  the  division  engineer, 
whose  attention  had  been  called  to  it  a  long  time 
prior  to  the  accident :  held,  that  this  was  negligence 
of  such  a  character  that  the  company  must  be  held 
liable  for  the  damages  sustained. 

As  said  by  this  court  in  the  case  of  the  C.  and 
K  W.  Kailroad  Co.  vs.  Swett,  45  111.,  201,  railway 
companies  are  bound  to  furnish  their  servants  with 
safe  materials  and  structures,  and  must,  in  the  first  in- 
stance, construct  their  road  with  all  the  necessary  ap- 
purtenances. And  they  must  be  kept  in  necessary 
repair ;  and  a  person  entering  the  service  of  a  rail- 
way company,  has  a  right  to  presume  that  in  these 
respects  it  has  discharged  its  obligations.  A  person 
engaging  in  the  service  assumes  the  ordinary  perils 
of  railway  life  ;  and  also  special  dangers  arising  from 
the  peculiar  condition  of  the  road,  so  far  as  he  is 
aware  of  their  existence,  and  his  exposure  to  them 
would  be  his  voluntary  act.  But  in  this  case-,  the 
danger  was  of  such  a  character  as  well  might  escape 
the  observation  of  a  person  who  had  not  been  in  the 
employ  of  the  defendants  for  a  long  period  of  time ; 
and  there  is  no  reason  for  supposing  that  the  plain- 
tiff had  acquired  knowledge  of  the  unsafe  condition 
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of  this  awning  before  his  injury,  as  he  had  been  but 
two  months  upon  the  road,  and  except  upon  two  trips 
had  always  passed  this  station  in  the  night. — HI. 
Central  Railroad  Co.  vs.  Welsh. 

At  a  term  of  the  United  States  District  Court  held 
at  Lowell,  Mass.,  it  has  been  decided  that,  under  the 
second  section  of  the  bankrupt  act,  railway  con- 
tractors can  not  be  regarded  as  merchants  or  traders 
by  any  fair  and  reasonable  construction  of  those 
words,  and  that  hence  the  dishonor  of  their  commer- 
cial paper  does  not  constitute  bankruptcy. 


ASTRONOMICAL  LANTERN. 

The  object  of  this  invention  is  to  facilitate  the 
study  of  stellar  astronomy.  It  is  intended  for  begin- 
ners, for  astronomical  classes  in  the  high  schools  or 
private  schools,  and,  in  fact,  for  all  who  desire  to  be- 
come acquainted  with  the  constellations. 

It  is  the  invention  of  James  Freeman  Clark,  of 
Boston,  Mass.  In  order  to  study  the  starry  heavens, 
it  has  been  necessary  heretofore  to  use  an  astronomi- 
cal atlas,  or  a  celestial  globe.  These  must  be  exam- 
ined in  the  house,  by  the  light  of  a  lamp.  The  ob- 
server, having  found  his  constellation  on  the  atlas, 
goes  out  to  look  for  it  in  the  sky.  But,  by  the  time 
he  gets  out  of  doors,  he  has  forgotten  how  it  looked 
on  the  atlas.  And  when  he  has  found  it  on  the  sky, 
he  has  forgotten  how  it  looked  there,  before  he  gets 
back  to  his  atlas  or  globe.  All  who  have  studied  the 
constellations  have  met  with  this  difficulty. 

Now,  the  astronomical  lantern  will  make  the  study 
of  the  stars  perfectly  simple  and  easy.  It  is  con- 
structed like  a  dark  lantern   dark  on  three  sides,  and 
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on  the  fourth  provided  with  a  ground  glass,  in  front 
of  which  slides  can  be  inserted.  On  each  of  these 
slides,  which  are  semi-transparent,  is  represented  a 
constellation,  the  places  of  the  stars  being  indicated 
by  perforations,  through  which  the  light  shines.     The 


largest  perforations  in  these  slides  are  for  the  stars  of 
the  first  magnitude,  and  they  are  made  smaller,  in 
due  proportion,  for  the  lesser  stars.  The  student, 
therefore,  wishing  to  observe  any  particular  constella- 
tion or  cluster,  has  only  to  light  the  lamp  within  the 
lantern,  insert  the  appropriate  slide,  and  go  out  into 
the  night.  He  holds  up  the  lantern  in  one  hand,  and 
can  compare,  at  his  leisure,  the  constellation  as  it  ap- 
pears on  the  lantern  with  that  in  the  sky,  until  he 
becomes  perfectly  familiar  with  the  latter. 


SPONTANEOUS   HYDROPHOBIA.  161 

It  is  easy  to  see  how  much  the  use  of  such  a  lan- 
tern must  facilitate  the  whole  study.  In  fact,  we 
think  that  henceforth  no  one  wishing  to  become  ac- 
quainted with  the  heavens  can  afford  to  dispense  with 
it.  The  increased  ease  of  the  study  will  probably 
also  enlarge  the  number  of  students  in  this  interest- 
ing department  of  science.  We  all  would  be  glad  to 
know  the  names  and  positions  of  the  stars.  For, 
though  Shakespeare  has  said, 

"  Those  earthly  godfathers  of  heaven's  lights, 
Who  give  a  name  to  every  wandering  star, 
Have  no  more  profit  of  their  shining  nights 
Than  we  who  walk  and  know  not  what  they  are ;" 

yet  it  must  be  confessed  that  to  recognize  the  famous 
stars  and  groups  which  have  been  referred  to  since 
the  days  of  Job,  in  the  literature  of  all  nations,  is  no 
small  satisfaction. 


SPONTANEOUS  HYDROPHOBIA. 

In  November  last,  James  Bradford,  of  Maysville, 
Ky.,  died  at  the  hospital  of  the  Good  Samaritan, 
Cincinnati,  O.,  of  hydrophobia,  and  his  case  has 
created  considerable  interest  among  the  medical  fra- 
ternity, mainly  due  to  the  supposition  that  it  was  a 
case  of  spontaneous  hydrophobia.  The  case  is  re- 
ported by  the  Cincinnati  Commercial  as  follows  : 

The  victim  of  this  mysterious  disease  came  to  the 
hospital  of  the  Good  Samaritan  on  Sunday  afternoon, 
in  company  with  his  brother.  He  walked  to  the 
hospital  unaided,  and  presented  himself  at  the  office 
of  Dr.  Reade,  the  resident  physician,  seemingly  per- 
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feetly  rational.  He  complained  of  a  sore  throat,  but 
gave  as  the  reason  for  his  coming  to  the  hospital  that 
he  was  suffering  from  the  effects  of  a  hurt  by  a  bale 
of  cotton  falling  on  him.  The  soreness  of  the  throat 
increasing,  and  the  patient  looking  nervous,  Dr. 
Reade  suspected  it  might  be  a  case  of  hydrophobia. 
To  ascertain  the  fact,  but  to  avoid  exciting  the  fears 
of  the  patient,  Dr.  Reade  inquired  if  he  was  hungry. 
Bradford  said  he  could  not  eat.  Could  he  drink? 
The  patient  looked  nervous  and  excited,  and  replied 
he  could  not.  Dr.  Reade  then  consulted  with  Dr. 
Webb,  of  the  hospital,  and  the  conclusion  they 
reached  was,  that  it  was  a  genuine  case  of  hydro- 
phobia. When  water  was  offered  to  the  patient,  he 
turned  away  his  head  and  became  greatly  excited. 
All  reasonable  doubt  being  removed  that  the  patient 
was  suffering  from  this  mysterious  and  terrible  dis- 
ease, he  was  removed  to  a  private  room  in  the  hos- 
pital and  his  case  was  confided  to  Dr.  Whittaker 
Monday  evening  the  patient  became  worse  ;  he  grew 
delirious,  and  his  paroxysms  became  very  violent.  It 
was  deemed  necessary  to  handcuff  him  to  prevent 
mischief  to  himself,  and  those  around  him.  About 
twelve  o'clock  his  face  became  suffused,  and  presented 
a  dreadful  appearance ;  his  eyes  protruded,  and  the 
skin  and  muscles  of  the  upper  jaw  were  greatly  con- 
tracted, distinctly  showing  the  teeth.  The  paroxysms 
increased  in  violence  till  twenty  minutes  to  nine 
o'clock,  when  death  released  him  from  his  sufferings. 
The  patient  was  treated  by  Dr.  Whittaker  with 
hypodermic  injections  of  atropia  and  morphine,  six 
grains  of  each  being  used.  These  injections  were 
repeated  six  times,  not,  however,  with  any  hope  of 
effecting  a  cure,  but  simply  to  afford  relief,  in  which 
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they  were  measurably  successful.  In  one  of  the  in- 
tervals of  quiet  the  patient  declared  that  it  seemed 
he  had  been  in  heaven. 

The  case  presented  an  instance  of  unquestionable 
hydrophobia,  without  any  history  of  a  bite.  Neither 
the  patient  nor  any  of  his  friends. knew  any  thing  of 
his  having  been  bitten,  either  recently  or  at  any  time 
during  his  life.  After  the  first  paroxysm,  he  fre- 
quently exclaimed  that  he  was  a  dead  man.  He 
seemed  very  suspicious  of  every  thing  around  him. 
The  sight  of  food,  water,  or  ice  produced  paroxysms. 
His  case  was  deemed  hopeless  from  the  first  by  Drs. 
Reade,  Webb,  Whittaker,  Dawson,  Graham,  and  Pro- 
fessor Bartholow. 

The  post-mortem  examination,  which  was  made  in 
the  lecture  hall  of  the  hospital,  under  the  direction 
of  Dr.  Whittaker,  revealed  no  abnormal  symptoms. 
The  brain  and  the  active  viscera  underwent  a  rigid 
scrutiny — at  least  so  it  seemed  to  an  unprofessional 
eye — but  no  trace  of  the  subtle  poison  was  dis- 
covered, and  we  believe  never  has  been  in  any  case 
of  post-mortem  examination  when  death  has  occurred 
from  hydrophobia. 

.  Knowing  that  this  disease  is  generally  regarded  by 
the  medical  faculty  as  incurable_,  we  have  condensed 
from  Waterton's  Essays  on  Natural  History,  recently 
published  in  England,  an  account  of  the  wourali 
poison,  which,  he  believes,  will  be  found  to  be  a  re- 
medy for  this  disease. 

Waterton  undertook  a  long  and  perilous  journey 
into  the  interior  of  Guiana,  partly  for  natural  history 
explorations,  but  mainly  to  obtain  some  pure  wourali 
poison.  This  famous  composition  is  used  by  the  In- 
dians of   Guiana  to  envenom  their  arrows,  and  the 
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history  of  its  deadly  effects  was  one  of  the  astonish- 
ing tales  which  the  early  voyagers  in  the  days  of  Sir 
Walter  Raleigh  told  to  wondering  listeners  on  their 
return.  Waterton  believed  that  a  substance  so  power- 
ful would  have  medicinal  virtues,  and  would  prove 
a  specific  for  hydrophobia  and  tetanus.  Frightful 
spasm  is  the  prominent  symptom  of  those  awful  ma- 
ladies; complete  quiescence  is  the  effect  of  the  ad- 
ministration of  wourali. 

Waterton  penetrated  into  districts  never  before 
trodden  by  a  civilized  explorer,  and  from  the  Indians, 
who  alone  knew  the  paths  of  those  dense  forests,  he 
obtained  the  mystery  of  the  wourali  poison. 

A  day  or  two  before  the  Macoushi  Indian  prepares 
his  poison,  he  goes  into  the  forest  in  quest  of  the  in- 
gredients. From  a  vine  called  the  wourali,  growing 
in  these  wilds,  the  principal  ingredient  is  obtained. 
To  this  the  Indian  adds  certain  roots  of  a  very  bitter 
taste,  and  others  containing  a  green  and  glutinous 
juice,  two  species  of  ants — one  a  large  black  ant  so 
venomous  that  its  sting  produces  a  fever,  the  other  a 
little  red  ant  that  stings  like  a  nettle — he  then  adds 
the  pounded  fangs  of  the  labarri  snake  and  the  couna- 
couchi  snakes.  The  poison  is  then  prepared  as  fol- 
lows :  The  wourali  vines  and  the  roots,  after  being 
scraped  into  thin  shavings,  are  put  into  a  kind  of  co- 
lander made  of  leaves  over  which  water  is  poured. 
The  liquor  that  comes  through  has  the  appearance  of 
coffee.  The  juice  is  squeezed  from  the  roots,  and 
lastly  the  snake-fangs,  ants,  and  some  pepper  are 
bruised  and  thrown  in.  The  mixture  is  then  placed 
on  a  slow  fire,  and  as  it  boils,  more  of  the  juice  of  the 
wourali  is  added,  as  may  be  found  necessary.  It  re- 
mains on  the  fire  till  reduced  to  a  thick  syrup  of  a 
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deep  brown  color.  When  it  has  arrived  at  this  state, 
a  few  arrows  are  poisoned  with  which  to  test  its 
strength. 

Waterton  supposed  that  the  addition  of  the  fangs 
and  ants  was  a  superstitions  delusion  of  the  Indians. 

No  entirely  successful  experiments,  as  far  as  we 
know,  have  been  made  with  the  wourali  poison  on  a 
human  being  laboring  under  hydrophobia ;  but  Pro- 
fessor Sewell,  of  the  Yeterinary  College  of  London, 
after  having  made  certain  experiments  with  this 
poison,  declared  before  Sir  Joseph  Banks  and  a  large 
company  of  scientific  gentlemen,  that  were  he  unfor- 
tunate enough  to  be  bitten  by  a  mad  dog,  and  be- 
come infected  with  hydrophobia,  he  would  not  hesi- 
tate one  moment  in  having  the  wourali  poison  ap- 
plied, as  he  felt  confident  that  its  application  would 
prove  successful. 


AN  ANCIENT  RELIC. 

The  Metropolitan  Antiquarian  Society  of  New- 
York  has  lately  received  from  the  East  a  relic  of  con- 
siderable antiquity,  to  say  nothing  of  its  religious  in- 
terest. It  is  an  ancient  sarcophagus,  said  to  have 
been  discovered  at  Mycenae,  having  been  purchased 
and  shipped  by  the  U.  S.  Consul. 

Its  weight  is  about  six  tons,  eight  feet  in  length, 
two  feet  in  width,  and  four  feet  high.  The  lid 
weighs  about  two  tons.  On  the  front  tablet  is  a  re- 
presentation of  a  trio  of  angels,  extending  a  wreath 
of  laurels  and  flowers  to  a  figure  whose  general  out- 
line is  indistinct.      The  chiseling  and  carving  are  ge- 
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nerally  excellent.     The  foot  of  the  tomb  contains  no 
inscription  or  device. 

The  receptacle  has  been  said  to  contain  the 
dust  and  bones  of  the  Apostle  St.  Paul.  But  there 
is  nothing  about  it  calculated  to  lead  to  such  a  suppo- 
sition. 


PEODUCTION  OF   WATEE  FEOM 
HYDEOGEK 

Our  sketch  represents  a  very  simple  form  of  appa- 
ratus for  demonstrating  the  formation  of  water  by 
burning  hydrogen,  invented   by  Professor  Woehler, 


of  Gottingen.  a  is  the  gas-holder  for  hydrogen  ;  h,  a 
chloride  of  calcium  tube;  c,  a  glass  funnel,  6  to  8  cen- 
timeters in  diameter  at  the  mouth  ;  d,  a  tube  about  1 
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centimeter  in  diameter,  and  f  to  1  meter  long,  attach- 
ed to  the  funnel,  and  connected  with  <?,  designed  to 
catch  the  water ;  f  is  an  aspirator  filled  with  sulphu- 
ric acid. 

The  flame  of  hydrogen  at  c  ought  to  be  made  small 
at  first ;  and  the  flow  of  sulphuric  acid  for  the  aspira- 
tor should  be  so  regulated  as  to  prevent  the  passage 
of  unconsumed  hydrogen  into  the  apparatus. 

From  20  liters  of  hydrogen,  Woehler  obtained  15 
to  16  grammes  of  water,  in  the  course  of  half  an 
hour.  A  slight  modification  of  the  apparatus  admits 
of  its  being  used  to  show  the  products  of  combustion 
of  illuminating  gas,  carbonic  oxide  gas,  or  of  a  can- 
dle. 


THE  MOP  BKIGADE. 

During  the  dry  season  last  year,  a  fire-company  was 
organized  at  Hutchinson,  Minn.,  to  fight  the  prairie 
fires,  called  the  "  Mop  Brigade  ;"  and  the  following 
was  the  method  of  operating  : 

The  company  were  to  go  out  at  any  time,  night  or 
day,  at  the  cry  of  alarm,  to  fight  fire.  There  were 
about  forty  of  them  in  all.  Sometimes  they  would 
go  out  in  one  direction  and  work  till  they  had  put  out 
the  fire,  and  come  home  and  turn  in  to  rest,  and  with- 
in half  an  hour  would  be  summoned  again  in  another 
direction  to  fight  the  advancing  flames.  Horses 
would  be  harnessed,  attached  to  whatever  vehicle 
came  first  in  the  way,  and  no  questions  asked,  and 
away  they  would  go.  Mr.  Putnam,  the  hardware 
merchant,  was  called  the  "  General"  of  the  brigade, 
and  under  his  lead  they  did  splendid  service.  Law- 
yers and  merchants  would  throw  off  their  better  gar- 
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ments,  and,  enveloped  in  old  clothes,  and  armed 
with  "  mops,"  as  they  called  them — which  consisted 
of  old  bags  tied  firmly  to  broom-sticks,  and  soaked  in 
water — would  march  to  the  front  of  the  fiery  battle. 
The  town  was  many  times  threatened ;  but  the  effi- 
ciency of  the  fire-brigade  saved  it.  Every  hotel  and 
store  wonld  have  about  a  dozen  of  these  "  mops"  on 
the  steps  ready  for  action. 


BEDS  AND  BEDDING. 

The  sum  total  of  human  experience  on  the  subject 
shows  that  the  bed  question  is  one  of  great  importance 
to  every  body ;  and  that  upon  the  wisdom  of  one's 
choice  of  bedding  material  depends  much  of  comfort, 
health,  and  even  the  prolongation  of  life.  A  badly- 
composed  bed  is  but  too  often  the  breeding-place  of 
contagion  and  disease. 

Good  feathers  and  curled  hair,  in  abundant  quan- 
tities, make  good  beds ;  but  their  organic  substance 
renders  them  unhealthy ;  and  the  best  medical  autho- 
rities discourage  their  use.  A  capital  substitute  for 
them  has  been  found  in  the  elastic  properties  of  me- 
tal ;  and  the  subject  of  our  illustration  is  the  very 
latest  improvement  in  this  line — the  Champion  Spring 
Bed — which  rivals  in  its  softness  the  old-fashioned 
down  and  hair,  embodying,  likewise,  all  the  other  good 
qualities  that  experience  has  shown  to  be  desirable. 

This  bed  is  composed  of  eighty-eight  beautiful  steel 
springs,  comprising  over  eight  hundred  coils,  drawn 
and  tempered  with  accuracy,  yielding  and  pliable  like 
watch-springs,  the  helices  united  by  leathern  bands, 
and  the  whole  so  arranged  that  pressure  applied  upon 
any  one  portion  of  the  surface  of  the  bed  is  equally 
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distributed  and  sustained  by  all  of  the  springs.  This 
imparts  to  the  bed  an  even  elasticity  and  general  soft- 
ness which  is  a  peculiar  characteristic,  preventing  that 
sinking  down  of  the  bed  in  one  spot,  and  that  down- 
hill feeling  of  the  surface,  or  sloping  toward  the 
place  where  the  greatest  weight  rests — defects  that  are 
common  to  most  of  the  ordinary  spring-beds. 

Another  striking  advantage  of  this  bed  is  its  re- 
markable flexibility.  As  shown  in  our  engraving,  it 
may  be  rolled  up  like-a  blanket,  forming  a  convenient 
package  for  transportation;  and  it  may  be  lifted, 
turned,  and  carried  about  the  household  with  the  ut- 
most facility. 

Its  extreme 
lightness  is  a  dis- 
tinctive and  im- 
portant quality ; 
the  total  weight 
of  a  first-class 
double  bed  be- 
ing only  twenty- 
five  pounds.  A 
child  may  carry 


it 


any 


woman 


may  lift  it  with 
one  hand.  Housekeepers  will  appreciate  this  quality, 
for  they  can  remove  and  place  the  bed  wherever  they 
require  as  easily  as  if  it  were  a  bolster. 

Another  excellent  feature  is  its  perfect  security 
against  corrosion,  the  springs  being  inlaid  with  a  firm 
waterproof  fire-enamel,  which  renders  the  bed  service- 
able in  every  climate,  hot  or  cold,  dry  or  damp. 

Both  sides  of  this  bed  are  alike ;  it  can  be  used 
either  side  up,  has  no  attached  frame  of  wood  or  slats, 
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but  is  soft,  yielding,  and  flexible  in  every  part.  In 
summer  time  it  forms  a  cool  and  luxurious  couch,  no 
under-bed  being  required ;  a  blanket  thrown  over  its 
surface  is  sufficient.  In  cold  weather,  a  mattress  of 
only  half  the  usual  thickness  is  needed. 

This  bed  is  noiseless  and  durable.  It  is  also  econo- 
mical in  price,  the  full-sized  double  beds  of  this  pat- 
tern being  retailed  at  twelve  dollars ;  the  smaller  sizes 
for  less.  Rolled  up  for  transport,  as  shown  in  our  en- 
graving, it  forms  a  light,  compact  bundle  of  steel 
springs,  which  may  be  sent  to  any  part  of  the  world 
without  risk  of  damage.  Such  are  some  of  the  me- 
rits of  this  invention,  as  claimed  by  the  makers,  and 
they  appear  to  be  well  founded. 

Made  by  F.  C.  Beach  &  Co.,  260  Broadway,  New- 
York. 


THE    HOOSIC    TUNNEL. 

The  westernmost  of  the  three  mountain  chains 
which  form  the  great  Appalachian  system  stretches 
without  interruption  from  the  western  boundary  of 
South-Carolina  to  the  northern  boundary  of  Maine. 
Through  the  Carolinas,  Virginia,  Maryland,  and 
Pennsylvania,  it  is  known  as  the  Blue  Ridge.  In 
New-Jersey  it  is  called  Schooley's  Mountain.  Cross- 
ing into  New- York,  it  breaks  into  a  magnificent 
group  of  craggy  peaks,  and,  parting  to  let  the  Hudson 
pass,  is  christened  the  Highlands.  Thence  it  trends 
to  the  eastward,  and  pushes  away  to  the  north  near 
the  western  boundary  of  Connecticut,  till  it  reaches 
the  southern  line  of  Massachusetts,  where  it  divides 
into  two  parallel  ranges.  The  western  range  serves 
as  a  boundary  between  Massachusetts  and  New- York, 
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and  bears  the  name  of  the  Taghkonics  or  Taconics. 
Over  the  tops  of  the  other  range  of  hills,  which  are 
known  as  the  Hoosic  range,  the  zigzag  line  of  Berk- 
shire County  runs.  ISTear  the  Vermont  border  these 
parted  columns  are  massed  again  in  the  broad  bul- 
wark of  the  Green  Mountains,  which  stretches  north- 
ward through  Vermont,  then  north-westward  along 
the  northern  boundary  of  Maine,  terminating  in  the 
Canadian  peninsula  that  separates  the  Gulf  of  St. 
Lawrence  from  the  Bay  of  Chaleur. 

At  the  present  time  freight  and  passengers  from 
the  West  are  brought  to  Boston,  the  metropolis  of 
New-England,  by  three  principal  routes:  the  Grand 
Trunk  Kailroad  through  Canada,  which  reaches  the 
Atlantic  coast  at  Portland,  Maine,  and  approaches 
Boston  from  the  east ;  the  Vermont  Central  Rail- 
road, which  draws  its  traffic  from  the  St.  Lawrence 
river  by  various  connecting  lines ;  and  the  Boston  and 
Albany  Railroad.  Of  these  three  roads,  the  two 
former  pierce  the  mountain  barrier  by  passes  far  to 
the  northward  without  any  very  difficult  engineering, 
but  they  follow  routes  too  circuitous  to  be  of  much 
practical  advantage  to  Boston  as  through  lines  from 
the  West.  The  Boston  and  Albany  Railroad  is  near- 
ly as  short  as  any  railroad  connecting  the  Hudson 
river  with  Boston  can  be;  but  between  Springfield 
and  Pittsfield,  where  it  climbs  over  the  Hoosic 
range,  the  grades  are  terrific.  For  this  reason, 
though  the  railroad  is  managed  with  vigor  and  enter- 
prise, it  is  still  inadequate  for  the  transaction  of  the 
business  that  ought  to  be  carried  on  between  Boston 
and  the  West. 

Long  before  either  of  these  railways  was  thought 
of,  before  railways  had  been  heard  of,  indeed,  the 
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Hoosic  Tunnel  route  had  been  surveyed  and  com- 
mended as  the  most  feasible  line  of  communication 
between  the  East  and  the  West.  This  was  done  in 
1825. 

In  1848,  the  Troy  and  Greenfield  Railroad  Com- 
pany was  chartered,  with  a  capital  of  $3,500,000, 
"  to  build  a  railroad  from  the  terminus  of  the  Ver- 
mont and  Massachusetts  Railroad,  at  or  near  Green- 
field, through  the  valleys  of  the  Deerfield  and  the 
Hoosic  to  the  State  line,  there  to  unite  with  a  rail- 
road leading  to  the  city  of  Troy."  But  for  want  of 
funds  little  work  was  done. 

In  1854,  a  loan  of  two  millions  of  dollars  was 
authorized  by  the  Legislature.  By  the  aid  of  this 
loan  and  liberal  subscriptions  to  the  stock  of  the 
company  by  several  of  the  towns  along  the  line  of 
the  railroad,  work  was  at  last  begun  with  considerable 
vigor  in  1855.  The  first  contractor  who  showed 
signs  of  force  and  capacity  was  Mr.  Herman  Haupt, 
afterward,  in  the  late  war,  General  Haupt,  the  great 
bridge-builder,  under  whose  command  the  long 
bridge  at  Acquia  Creek  went  up  so  quickly  during 
Grant's  campaign  with  the  army  of  the  Potomac. 
Haupt  is  a  small,  wiry-looking  man,  of  great  capacity 
and  boundless  energy;  and  when  the  work  passed 
into  his  hands  it  was  soon  evident  that  he  meant  busi- 
ness. The  financial  infirmities  of  the  company 
greatly  embarrassed  him,  however,  and  in  1862  he 
abandoned  the  workr  and  the  Troy  and  Greenfield 
Railroad  Company  transferred  to  the  commonwealth 
of  Massachusetts,  under  the  mortgages  held  by  the 
commonwealth,  all  the  property  of  the  corporation. 
After  a  year  had  passed,  during  which  no  work  was 
done  upon  the  tunnel,  the  State  took  possession  of  the 
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property,  three  commissioners  were  appointed  by  the 
governor  to  superintend  it,  and  a  committee  of  the 
Legislature  visited  it  every  year.  The  chief-engineer 
in  charge  during  this  stage  of  the  enterprise  was  Mr. 
Thomas  Doane,  of  Boston,  who  originated  most  of  the 
methods  now  in  use,  and  to  whose  judgment  and 


WALTER    SHANLT. 


skill  the  enterprise  is  very  largely  indebted.  The 
work  was  carried  on  in  this  manner,  under  the  direct 
supervision  of  the  State,  until  December,  1868, 
when,  under  an  appropriation  of  five  millions  of 
dollars  by  the  Legislature,  a  contract  was  made  with 
Walter  and  Francis  Shanly,  of  Canada,  for  the  com- 
pletion of  the  tunnel.  These  gentlemen  entered  upon 
the  work  in  the  month  of  March  following,  and  have 
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since  been  pushing  it  vigorously.  Under  their  ad- 
ministration no  doubt  is  expressed  concerning  the 
success  of  the  tunnel. 

The  Messrs.  Shanly  are  Irishmen  by  birth,  origi- 
nating in  the  County  of  Queens,  in  the  Emerald  Isle. 
In  1836,  they  emigrated  to  Canada,  and  have  since 
been  engaged,  the  greater  part  of  the  time,  as  civil 
engineers  and  contractors  upon  various  public  works 
in  Canada  and  the  United  States.  Walter,  the  elder, 
took  an  important  part  in  the  construction  of  the  St. 
Lawrence  and  Welland  Canals,  and  afterward,  until 
1862,  was  engineer  and  manager  of  the  Grand  Trunk 
Railway  of  Canada.  In  1863,  he  was  returned  to  the 
Provincial  Parliament  for  the  county  of  South-Gren' 
ville,  including  the  city  of  Prescott,  and  in  1867,  he 
was  reelected  from  the  same  county  to  the  House  of 
Commons  of  the  JSTew-Dominion,  which  position  he 
still  holds.  Both  these  brothers  immediately  impress 
a  stranger  as  being  men  of  extraordinary  force  of 
character.  With  erect,  athletic  frames,  fair  and  deaf 
complexions,  eyes  that  mean  vigilance,  and  lips  that 
mean  resolution,  they  appear  to  be  abundantly  able 
to  manage  their  own  business,  and  thus  far  they  have 
done  it,  I  believe,  to  the  satisfaction  of  every  body. 
The  frank  courtesy  of  their  manners,  and  the  quiet 
precision  with  which  they  do  their  work,  have  earned 
for  them  the  respect  of  the  Yankees  among  whom 
they  are  now  sojourning,  and  have  convinced  us  that 
the  old  Irish  gentleman  is  not  wholly  a  creature  of 
the  imagination. 

The  Hoosic  Mountain,  of  which  a  profile  is  here 
presented,  has  two  crests  or  summits  with  a  valley 
between  them.  The  Hoosic  River  washes  the  wes- 
tern base  and  the  Deerfield  River  the  eastern  ;  and  it 
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is  a  curious  fact  that  these  rivers  are  at  precisely  the 
same  height  above  tide-water,  making  it  necessary  to 
enter  the  mountain  on  each  side  at  exactly  the  same 
elevation.  Most  of  the  tun- 
nels heretofore  built  are 
upon  an  ascending  grade; 
and  it  is  necessary  that  there 
should  be  some  descent  in 
order  that  the  water,  which 
is  usually  met  with  in  large 
quantities,  may  be  carried 
oif.  In  this  case,  the  only 
method  of  securing  proper 
drainage  was  to  have  a  sum- 
mit at  the  centre,  from  which 
the  grade  should  descend  to 
either  portal.  Accordingly 
the  grade  rises  about  twenty 
feet  in  a  mile  toward  the 
summit  level  in  the  heart  of 
the  mountain.  It  therefore 
became  necessary  to  sink  a 
shaft  from  the  top  of  the 
mountain  to  the  summit  level 
of  the  tunnel. 

The  visitor  to  the  tunnel 
finds  the  work  going  on  at 
both  ends  and  at  the  middle. 
From  the  eastern  to  the 
western  portal,  the  distance 
is  four  miles  and  eighty-four 
hundredths.  The  Mont  Ce- 
nis  Tunnel,  now  completed  under  the  Alps  between. 
France  and  Italy,  is  about  seven  and  three  fifths 
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miles  in  length.  The  next  longest  tunnel  now  in  use 
is  the  Woodhead  Tunnel,  near  Manchester,  Eng., 
which  is  a  trifle  over  three  miles  long.  The  rock  of 
the  Hoosic  Mountain  is  mica  slate  with  occasional 
veins  of  quartz.  Except  when  the  quartz  seams  oc- 
cur, it  is  easy  to  drill,  but  quite  difficult  to  displace 
by  blasting. 

With  these  general  explanations  concerning  the 
character  and  magnitude  of  the  work,  the  reader  will 
be  prepared  to  imagine  himself  a  visitor,  and  to  ex- 
amine it  in  detail.  Alighting  from  the  cars  at  Hoo- 
sic Tunnel  station,  on  the  eastern  side  of  the  moun- 
tain, he  crosses  the  Deerfield  upon  a  wagon  bridge, 
and  finds  himself  in  a  most  romantic  little  valley, 
walled  in  on  every  side  by  steep  hills.  The  road 
which  he  follows  leads  for  half  a  mile  along  the 
southern  bank,  which  soon  becomes  a  precipitous 
cliff  as  the  mountain  elbows  the  valley  aside  and 
comes  down  to  the  water.  Cut  in  the  side  of  this 
steep  hill,  the  road  gradually  rises  till  it  reaches  that 
bend  in  the  Deerfield  heretofore  described,  where  it 
is  fifty  or  sixty  feet  above  the  water.  Here  we  are 
first  confronted  with  signs  of  the  tunnel.  A  huge 
pile  of  broken  rock,  which  has  been  thrown  down 
this  high  bank,  pushes  far  out  into  the  bed  of  the 
river.  Judging  them  by  their  chips,  these  miners 
must  be  good  workmen.  A  rough  tramway  running 
out  to  the  brink  of  this  bank  indicates  the  dumping- 
place  of  the  cars  by  which  the  rock  is  brought  forth 
from  the  mountain.  Scattered  about  in  various  pic- 
turesque localities  upon  the  hillsides  are  the  huts  of 
the  miners  and  the  houses  of  the  engineers  and 
superintendents  in  charge.  The  store,  at  which  all 
the  necessaries  of  life — from  a  tobacco-pipe  to  a  tar- 
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paulin— are  furnished  to  the  workmen,  stands  upon 
the  edge  of  this  glacier  of  rock.  On  the  other  side 
of  it,  a  little  further  up  the  stream,  is  the  machine- 
shop  and  the  compressor  building,  the  machinery  of 
which  is  driven  by  the  water-power  of  the  Deerfield 
Dam,  a  short  distance  above.  In  this  building  the 
power  is  generated  by  which  work  is  done  at  the 
heading,  some  two  miles  away.  . 

At  the  very  outset  the  project  of  tunneling  this 
mountain  by  machinery  was  entertained,  and  several 
experiments  were  tried  without  success. 

After  these  failures  the  work  was  for  a  long  time 
done  by  means  of  hand-drills  and  gunpowder.  But 
it  was  found  that  the  progress  was  very  slow.  This 
fact  led  to  the  introduction  of  power-drills.  Several 
experiments  were^nade  with  machines  of  this  descrip- 
tion, resulting  in  the  adoption  of  the  Burleigh  drill, 
invented  by  Mr.  Charles  Burleigh,  of  Fitchburg,  Mass. 
This  drill  is  driven  by  compressed  air.  That  appears 
to  be  the  only  motive-power  which  could  be  used  in 
a  work  of  this  kind.  A  steam-engine  under  ground 
would  fill  the  air  with  smoke;  and  the  steam  could 
not,  of  course,  be  generated  outside  and  conducted  to 
the  machines  in  pipes,  as  it  would  condense  before 
traveling  far.  But  air  can  be  compressed  by  ma- 
chinery and  carried  anywhere,  by  means  of  strong 
iron  pipes,  without  losing  its  elastic  force. 

The  Burleigh  rock  drill  consists  simply  of  a  cylin- 
der and  a  piston.  The  compressed  air,  being  admitted 
by  a  hose  from  the  iron  pipes,  by  its  elastic  force 
moves  the  piston  quickly  back  and  forth  in  the  cylin- 
der, making  about  three  hundred  strokes  a  minute. 
To  the  end  of  this  piston  the  drill  is  firmly  fastened, 
and  is  thus  driven  into  the  rock  by  the  strokes  of  the 
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piston.     A  ratchet  upon  the  cylinder  turns  the  piston 
and  the  drill  round  a  little  with  every  stroke. 

A  pressure  of  six  atmospheres,  or  ninety  pounds  to 
the  square  inch,  is  given  to  the  air  which  is  collected 
in  the  huge  pipes  that  lead  from  the  compressing  ma- 
chines into  the  tunnel.  The  compressors  are  simply 
enormous  air  forcing-pumps  worked  by  water  or 
steam. 

By  the  use  of  drilling-machines  the  progress  of  the 
work  has  been  greatly  accelerated. 

The  portal  of  the  tunnel  is  only  a  few  rods  from 
the  bank  of  the  Deerfield  River.  Just  before  reaching 
it,  we  pass  on  the  right  the  engineer's  signal  station,  a 
little  octagonal  building  standing  directly  in  the  line 
of  the  tunnel.  Looking  back  across  the  river,  another 
station  is  perceived  on  the  top  of*  the  opposite  hill, 
and  a  slashed  line  through  the  forest  on  the  hill-side 
leading  up  to  it.  A  similar  station  is  built  upon  each 
summit  of  the  Hoosic  Mountain,  and  another  upon 
the  hill  west  of  the  Hoosic  River ;  and  the  greatest 
care  has  been  taken  by  the  engineers  to  keep  the 
alignments  accurate.  Working  from  each  end 
toward  the  middle,  and  from  the  middle  toward  each 
end  of  an  underground  line  nearly  five  miles  in  length, 
it  is  evident  that  some  care  is  necessary.  The  portal 
of  the  tunnel  at  this  end  is  in  the  solid  rock,  and  is 
twenty  feet  high  and  twenty-four  feet  wide. 

Clothed  in  a  tarpaulin  and  rubber  boots  for  protec- 
tion against  the  water,  which  drips  abundantly  from 
the  roof  of  the  tunnel,  the  visitor  mounts  one  of  the 
small  platform-cars  attached  to  the  small  locomotive, 
and  is  drawn  slowly  into  the  tunnel.  If  it  chance  to 
be  a  sultry  day  in  summer,  the  change  of  temperature 
will  be  noticeable.     A    cool    atmospheric    current, 
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created  by  the  air  which  the  drilling-machines  at  the 
heading  are  liberating — and,  if  a  blast  has  recently 
taken  place,  freighted  with  unmerchantable  odors — 
is  blowing  outward  continually.  The  reverberation 
of  the  noises  of  the  locomotive  and  the  cars  fills  the 
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air  with  an  unearthly  clangor,  and  timid  souls  are 
usually  willing  to  return  before  they  have  gone  very 
far. 

From  the  portal  to  the  heading  the  distance  is  now* 
seven  thousand  five  hundred  and  thirty-five  feet,  or 
nearly  a  mile  and  a  half ;  but  the  tunnel  is  not  com- 
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plete  for  this  distance.  First  a  heading,  eight  feet 
high  by  twenty-four  feet  wide,  is  driven  into  the 
mountain ;  some  distance  behind  these  workmen 
come  another  gang,  who  add  about  six  feet  more  to 
the  height  of  the  excavation ;  and 
some  distance  behind  these  ano- 
ther gang,  who  complete  the  work. 
For  about  half  a  mile  from  the 
portal  the  excavation  is  completed, 
or  nearly  so ;  at  that  distance  the 
roof  drops  down  a  few  feet,  and 
for  half  a  mile  further  the  exca- 
vation is  only  about  three  fourths 
completed;  beyond  that  point  is 
only  the  first  excavation,  twenty- 
four  feet  wide  and  eight  feet  high. 
On  the  car  we  may  observe  a 
fellow-passenger  with  a  bucket  or 
a  basket  in  his  hand,  containing  a 
dozen,  more  or  less,  of  tin  cans,  a 
foot  and  a  half  or  two  feet  in 
length,  and  an  inch  and  a  half  in 
diameter,  and  closed  at  the  end 
with  a  large  cork.  These  are  the 
cartridges  of  nitro-glycerine 
which  are  used  in  the  enlarge- 
ment. When  a  sufficient  number  of  holes  are  drilled 
in  the  face  of  the  rock,  the  corks  are  taken  from 
these  cartridges  and  perforated;  through  the  holes 
in  the  cork  the  wires  of  an  electrical  fuse  are 
drawn,  and  the  cork  is  replaced,  leaving  the  fuse  in 
the  cartridge,  with  the  short  ends  of  insulated  copper 
wire  projecting  from  the  cork.  Then  the  cartridges 
are  carefully  placed  in  the  holes  which  have-  been 
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drilled  in  the  rock,  (no  tamping  being  necessary,)  and 
the  wires  of  the  fuses  are  connected  with  longer  wires 
attached  to  an  electrical  machine  some  distance  to- 
ward the  portal.  The  miners  withdraw,  a  few  turns 
are  given  to  the  crank  of  the  electrical  machine,  the 
circuit  is  completed,  and  the  rush  of  the  air  and  the 
stunning  reverberation  proclaim  that  the  mightiest  of 
all  the  chemical  forces  yet  discovered  by  man  has 
dealt  another  crushing  blow  at  this  barrier  of  rock. 

Simultaneous  blasting  by  the  use  of  electrical  fuses 
is  found  to  be  far  more  effective  than  the  old-fashioned 
method.  A  very  ingenious  fuse,  invented  by  Mr. 
Charles  A.  Brown,  of  North-Adams,  Mass.,  is  used  in 
this  work.  It  consists  of  a  hollow  cylinder  of  wood, 
about  an  inch  and  a  quarter  in  length  and  half  an 
inch  in  diameter,  one  end  of  which  is  closed.  Into 
the  open  end  is  thrust  a  little  wooden  ping,  the  bottom 
of  which  is  also  hollow.  In  the  hollow  of  this  little 
plug  a  very  sensitive  fulminate  is  confined,  and  the 
points  of  two  copper  wires  in  the  same  little  chamber 
are  separated  only  a  little  space.  These  wires  con- 
nect with  two  others  which  enter  the  main  cylinder 
on  either  side. 

The  fulminate  in  the  little  plug  answers  as  the 
priming  of  the  fuse  ;  the  main  chamber  of  the  cylin- 
der is  filled  with  a  less  sensitive  and  less  costly  explo- 
sive material.  The  electric  spark,  leaping  from  the 
one  copper  wire  to  the  other  in  the  little  primer,  ig- 
nites the  cap  and  thus  explodes  the  fuse. 

Several  explosive  agents  have  been  tried  in  the  pro- 
gress of  this  work.  Gunpowder  was  used  for  a  long 
time  exclusively,  and  is  still  employed  in  the  softer 
portions  of  the  rock.  Lieutenant  Ditmar,  a  Prussian 
inventor,  has  produced  a  preparation  which  he  calls 
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dualine,  and  which  has  proved  quite  effective.  Dua- 
line  is  much  less  dangerous  than  nitro-glycerine.  It 
is  certainly  very  innocent-looking  stuff,  resembling 
nothing  so  much  as  sawdust.  It  is  composed  of 
woody  fibre,  with  which  the  component  parts  of 
nitro-glycerine  are  chemically  combined.  The  ex- 
periments with  this  explosive  at  the  tunnel  did  not, 
however,  justify  all  the  claims  that  were  made  in  its 
favor ;  and  nitro-glycerine  has  not  as  yet  been  super- 
seded. It  seems  difficult  to  believe  that  any  thing  can 
be  more  powerful  than  this ;  and,  with  proper  care  in 
the  handling,  it  is  not  more  dangerous  than  gun- 
powder. 

This  ride  into  the  tunnel  is  far  from  being  a  cheer- 
ful one.  The  fitful  glare  of  the  lamps  upon  the  walls 
of  the  dripping  cavern,  the  frightful  noises  that  echo 
from  the  low  roof,  and  the  ghoul-like  voices  of  the 
miners  coming  out  of  the  gloom  ahead,  are  not  what 
would  be  called  enlivening. 

About  four  fifths  of  a  mile  from  the  portal  passen- 
gers change  cars  for  the  heading.  Beyond  this  point 
mule  power  is  still  employed  to  bring  down  the  bro- 
ken rock.  Our  friend  with  the  basket  goes  no  fur- 
ther ;  powder,  instead  of  glycerine,  being  used  in  the 
soft  rock  at  the  heading.  The  roof  of  the  tunnel  for 
the  rest  of  the  journey  is  very  low.  Through  the 
smoke  before  us  spectral  lights  are  seen  flitting  about, 
and  a  frightful  din  in  the  region  of  the  lights  grows 
louder  as  we  approach  the  heading.  A  huge  iron 
frame-work,  resting  on  rollers,  is  pushed  up  against 
the  face  of  the  rock ;  to  this  the  drilling-machines  are 
securely  clamped,  and  at  various  angles  they  are 
pounding  holes  into  the  mountain.  The  clamor 
which  they  make  is  absolutely  terrific.     When  the 
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blast  takes  place,  the  carriage  upon  which  the  drilling- 
machines  are  fastened  is  moved  back  a  short  distance, 
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and  two  firm  plank  doors  are  shut  before  it,  to  protect 
the  machinery  from  the  flying  rock.  About  fifteen 
men  are  employed  at  this  heading ;  and  here,  as  on 
all  other  portions  of  the  work,  there  are  three  relays 
or  "  shifts,"  as  they  are  called,  in  the  twenty-four 
hours;  each  shift  working  eight  hours  only.  The 
men  are  brawny  fellows,  principally  Irishmen, 
though  there  is  a  large  sprinkling  of  Cornish  miners 
among  them.  The  average  number  of  men  employed 
upon  the  work  is  seven  hundred  and  fifty. 

Having  explored  the  works  at  the  east  end  to  our 
satisfaction,  we  are  prepared  for  a  visit  to  the  other 
side  of  the  mountain.  From  the  Hoosic  Tunnel  Sta- 
tion to  the  North-Adams  Station,  the  distance,  when 
the  tunnel  is  completed,  will  be  about  seven  miles. 
By  stages  it  is  nine  miles.  It  might  be  difficult  to 
find  anywhere  in  New-England  a  public  road  which 
affords  within  an  equal  number  of  miles  an  equal 
variety  and  magnificence  of  scenery.  The  elegant 
six-horse  coaches  are  crowded  every  day  in  the  sum- 
mer with  tourists,  who  have  discoA^ered  that  quite  the 
pleasantest  journey  from  the  east  to  the  west  is  that 
which  includes  the  ride  over  the  Hoosic  Mountain. 

The  western  portal  of  the  tunnel  is  two  miles  south 
of  the  village  of  North-Adams.  The  road  leading  to 
it  passes  over  and  among  a  series  of  conical  foot  hills 
that  rest  against  the  base  of  the  mountain.  These 
immense  tumuli  are  no  doubt  the  remnants  of  a  ter- 
race of  the  drift  period,  which  has  been  washed  away 
in  part  by  torrents  from  the  mountain,  leaving  a  row 
of  mounds  where  the  terrace  once  stood. 

The  central  shaft  is  one  thousand  and  thirty-four 
feet  deep. 

By  the  contract,  Messrs.  Shanly  agree  to  finish  the 
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tunnel  by  the  first  day  of  March,  1874 ;  and  if  the 
work  goes  on  at  the  present  rate,  that  time  will  not  be 
exceeded.  If  the  contract  be  fulfilled,  more  than 
twenty-six  years  will  have  elapsed  between  the  char- 
tering of  the  road  and  its  completion ;  and  more  than 
twenty-two  years  since  work  was  begun  upon  the 
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tunnel.  During  a  part  of  this  time  work  has  been 
suspended,  but  it  is  probable  that  nearly  if  not  quite 
eighteen  years  of  steady  work  will  have  been  done 
upon  the  tunnel  by  the  time  it  is  finished.  As  to  the 
cost,  the  State  has  expended  in  round  numbers  four 
millions  and  a  quarter ;  the  Messrs.  Shanly  are  to 
have  for  finishing  the  tunnel  $4,594,268,  making  the 
whole  cost  of  the  work  about  nine  millions  of  dollars. 
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For  the  foregoing  particulars,  with,  the  engravings, 
we  are  indebted  to  Scribner^s  Magazine.  We  append 
a  few  additional  notes,  with  a  diagram  illustrating  in 
one  view  the  general  method  of  carrying  on  the  work 
at  the  Hoosic. 

At  the  extreme  inner  end  or  heading  of  the  tunnel 
a  large  drill-carrier  is  employed,  consisting  of  a 
strong  frame-work  mounted  on  wheels,  and  carrying 
a  number  of  the  celebrated  Burleigh  drills,  as  shown 
on  page  188.  These  drills  operate  independently,  and 
each  is,  in  effect,  a  separate  engine  with  cylinder  and 
piston,  having  for  its  motor  compressed  air.  The 
drills  are  made  with  trunnions  and  other  adjustments, 
so  that  the  position  of  the  drills  may  be  changed 
as  desired ;  and  in  practice  they  are  worked  in  all 
sorts  of  positions — upward,  downward,  laterally,  or 
obliquely,  according  to  the  judgment  of  the  miners. 
The  drill-carrier  is  pushed  close  up  to  the  heading 
and  firmly  secured  by  clamping-screws  which  press 
against  the  roof  and  floor  of  the  tunnel.  The  drills 
are  then  adjusted  and  secured  so  as  to  work  on  their 
appointed  lines  ;  the  compressed  air  is  then  admitted 
to  the  drill  cylinders,  causing  the  drills  to  fly  back 
and  forth  against  the  rocks  like  shuttlecocks.  The 
drill-rods  are  hollow ;  and  through  the  centre  of 
each,  when  in  operation,  a  small  stream  of  water  is 
forced,  which  washes  the  dust  from  the  drill-holes 
and  assists  to  cool  the  tool. 

The  Hoosic  drills  have  four-and-a-half -inch  cylin- 
ders and  nine-inch  stroke.  They  make  two  hundred 
and  fifty  strokes  and  cut  a  two-inch  hole  at  the  rate 
of  two  inches  deep  per  minute.  The  weight  of  each 
drill  and  its  cylinder  is  five  hundred  pounds.  Cost, 
one  hundred  and  twenty-five  dollars  each, 
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The  compression  of  the  air  by  which  the  drills  are 
driven  is  effected  at  the  east  end  of  the  tunnel  by 
water-power;  four  twenty-horse  turbines  being  em- 
ployed, which  operate  sixteen  air-pumps,  each  of  thir- 
teen-and-a-half-inch bore  and  twenty-inch  stroke. 
~Not  all  of  these  pumps  are  used  at  once. 

The  air  is  compressed  to  sixty-five  pounds  to  the 
square  inch,  or  a  little  over  four  atmospheres,  and 
conducted  through  an  eight-inch  cast-iron  pipe  to  the 
drills  at  the  tunnel-heading,  where  branch-pipes  con- 
nect several  drill  cylinders  with  this  eight -inch  pipe. 
With  six  of  the  drills  at  work,  and  making  two  hun- 
dred and  fifty  strokes  per  minute,  the  gauge  on  the  air- 
pipe  at  the  heading  of  the  tunnel  shows  a  pressure  of 
sixty-three  pounds  against  sixty-five  pounds  at  the 
pump-rooms,  one  mile  and  a  half  distant,  being  a  loss 
of  only  two  pounds.  This  remarkable  fact  illustrates 
the  advantage  of  compressed  air  as  a  motor  for  ma- 
chinery in  mines,  tunnels,  and  other  difficult  places ; 
the  exhausting  air  also  serves  the  purposes  of  ventila- 
tion. 

When  the  drills  have  cut  into  the  rock  the  required 
depth,  say  from  four  to  six  feet,  the  drill-carrier  is 
moved  back  out  of  the  way,  and  the  corps  of  glyce- 
rine-men advance,  charge  the  holes  with  nitro-glyce- 
rine,  insert  the  priming-wires,  and  connect  them  all 
with  a  single  pair  of  electrical  conducting-wires 
which  extend  back  to  a  safe  distance,  where  the  ex- 
tremities connect  with  the  electric  battery.  This  in- 
strument is  contained  in  a  round  case  about  fifteen 
inches  in  diameter  and  four  inches  thick,  resembling 
the  case  of  a  clock,  and  having  a  small  crank  protrud- 
ing from  its  upper  surface  by  turning  which  a  current 
of  electricity  is  generated.     The  battery  is  a  magneto- 
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electro-machine,  the  electrical  current  being  produced 
by  causing  an  armature  to  revolve  near  a  permanent 


magnet. 
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The  electric  instrument  used  at  Hell  Grate,  and 
illustrated  on  page  30,  is  similar  to  the  foregoing. 

After  the  glycerine  charges  are  ready,  the  strong 
and  heavy  wooden  doors  near  the  heading^  shown  in 
the  diagram,  are  closed,  forming  a  protecting  bulk- 
head with  a  cushion  of  air  between  it  and  the  rocks. 
The  signal  for  firing  is  then  given,  the  crank  of  the 
battery  is  turned,  a  flash  like  lightning  is  seen  around 
the  doors,  the  mountain  trembles,  a  tremendous  roar 
as  of  thunder  is  heard,  and  a  blinding  cloud  of  smoke 
and  dust  instantly  fills  the  tunnel.  But  this  is  soon 
cleared,  for  the  ventilation  is  rapid  and  effective.  In 
addition  to  the  fresh  air  brought  in  and  discharged 
through  the  drills,  a  special  air-pipe,  eight  inches  in 
diameter  and  a  mile  and  a  half  long,  is  employed  for 
ventilating  purposes.  The  extremity  of  this  pipe, 
consisting  of  a  rubber  hose,  is  carried  up  to  the  head- 
ing after  the  blast,  and  the  tunnel  is  soon  filled  with 
fresh  air  which  drives  out  the  smoke.  The  ventilat- 
ing-pipe  delivers  over  two  thousand  cubic  feet  of  air 
per  minute. 

The  bulkhead  is  now  opened,  and  a  large  force  of 
miners  advance  to  clear  away  the  debris,  consisting  of 
many  tons  of  rock  dislodged  and  broken  by  the  tre- 
mendous force  of  the  blast.  Small  cars  are  brought 
up,  the  stone  is  loaded  in,  and  the  track  laid  for  a  new 
advance  of  the  drill- carrier.  Mules  and  small  loco- 
motives are  employed  to  haul  the  cars.  The  size  of 
the  opening  drilled  and  blasted  is  six  feet  high  by 
twenty-five  feet  wide. 

Various  gangs  of  men  are  employed  on  platforms 
of  different  heights,  as  shown  in  our  sketch,  to  en- 
large the  tunnel  to  its  proper  size  and  finish  the 
walls. 
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Dualine  has  been  fully  tried  as  an  explosive  at  the 
Hoosic  tunnel ;  but  it  proved  inferior  for  the  pur- 
poses required  as  compared  with  nitro-glycerine  ;  and 
the  latter,  with  powder,  are  the  only  explosives  used. 

Up  to  January  1st,  1872,  it  was  expected  that 
about  seventeen  thousand  fiye  hundred  feet  of  the 
tunnel  would  be  bored,  leaving  seven  thousand  five 
hundred  feet  to  be  cut. 


THE    AET    OF    EMPLOYING    TIME. 

Adam  Smith  has  shown,  beyond  all  possibility  of 
cavil,  that  a  great  many  more  pins  can  be  made  if  the 
process  is  divided  among  eighteen  trades,  than  if  each 
workman  is  obliged  to  make  every  pin  from  beginning 
to  end  himself.  So,  too,  a  naturalist,  who  spends 
year  after  year  in  the  observation  of  red  ants,  will  be 
likely  to  learn  far  more  of  their  nature  and  habits 
than  could  ever  be  known  without  making  them  the 
objects  of  special  study.  There  is  a  story  told  of  a 
learned  German  professor  who  had  given  his  whole 
life  to  the  study  of  the  Greek  article,  and  who  on 
his  death-bed  warned  his  son  to  learn  from  his  exam- 
ple, and  not  to  fritter  away  his  time  in  trying  to  mas- 
ter too  extensive  a  subject ;  for  he  himself  had  failed 
in  that  way,  whereas  he  might  have  accomplished 
something  if  he  had  confined  his  labors  to  the  dative 
case.  Now,  it  is  no  mean  thing  to  accomplish  some- 
thing, and  there  is  a  deep  delight  in  knowing  that  a 
thing  done  has  been  done  well.  Perhaps  one  is  hap- 
pier if,  by  dint  of  patient  grubbing  for  a  lifetime,  he 
finally  gets  to  the  bottom  of  one  thing,  than  he  would 
be  if,  like  a  swallow  skimming  over  a  thousand  mea- 
dows, he  had  been  merely  sipping  the  manifold  sweets 
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of  nature,  even  though  he  should  have  sipped  of  them 
all. 

We  would  not  speak  too  positively  on  this  point,  for 
it  is  so  easy  to  be  wrong.  But  in  so  far  as  we  may 
speak,  we  will  declare  our  conviction  that  there  is  a 
higher  ideal  than  exclusive  devotion  to  a  single  end, 
and  that  more  happiness  and  the  best  social  results 
are  attainable  by  a  harmonious  development  of  all 
our  faculties,  intellectual,  moral,  and  aesthetic.  We 
believe  that  a  state  of  society  is  desirable,  and  we 
hope  it  is  attainable,  in  which  even  the  pointer  of 
pins  or  the  lowliest  of  workers  will,  in  addition  to  his 
routine  of  work,  (for  we  do  not  expect  or  desire  to  see 
division  of  labor  discarded,)  hnd  both  time  and  incli- 
nation to  extend  his  thought  over  other  fields.  We 
feel  that  no  man  should,  if  he  can  help  it,  allow  him- 
self to  be  so  absorbed  in  a  single  pursuit  as  to  find  no 
pleasure  elsewhere,  and  thus  dwarf  the  greater  part 
of  his  nature.  There  is  a  joy  in  work,  it  is  true,  if 
work  be  performed  with  heart  and  strength  ;  but 
there  are  innumerable  other  joys  of  nature,  which 
present  themselves  at  unexpected  moments  in  unex- 
pected ways,  and  must  be  grasped  at  once  or  they  are 
gone  forever. 
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During  one  of  the  characteristic  fogs  of  London, 
last  fall,  the  editor  of  the  British  Journal  of  Pho- 
tography says,  the  experiment  was  tried  of  exposing, 
at  noonday,  a  wet  collodion  photo-plate  for  three 
minutes  to  a  northern  sky,  without  being  impressed 
in  the  slightest  degree  by  the  light.  London  photo- 
graphers evidently  labor  under  peculiar  difficulties. 
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THE    POLAE    OCEAN. 

The  London  Spectator  thus  describes  the  recent 
discovery  of  open  water  in  the  extreme  north,  which 
was  somewhat  exaggerated  in  earlier  reports  : 

"  Among  the  expeditions  which  had  sailed  during 
the  spring  of  the  present  year,  there  was  one,  under 
the  command  of  the  German  Lieutenants  Payer  and 
Weyprecht,  which  had  sought  the  almost  unvisited 
seas  lying  between  Spitzbergen  and  Nova  Zembla. 

"Ina  Norwegian  sloop  they  penetrated  into  these 
seas ;  and  now  we  have  news  of  their  complete  suc- 
cess in  attaining  a  very  high  northerly  latitude — the 
highest,  we  believe,  ever  attained  in  that  direction. 
In  latitude  seventy-eight  degrees  north  they  found 
open  water,  extending  in  longitude  from  forty-two  to 
sixty  degrees,  (east,)  and  abounding  in  whales ;  and 
they  believe  that  under  favorable  conditions  this  sea 
would  afford  an  open  way  to  the  pole. 

"  It  is  to  be  remarked  in  passing  that  one  of  our 
scientific  contemporaries  has  been  somewhat  hasty, 
as  we  judge,  in  regarding  this  result — full  of  interest 
as  it  undoubtedly  is — as  '  the  discovery  of  the  open 
arctic  sea  which  has  been  so  long  searched  for.' 
The  question  whether  there  is  an  open  sea  extending 
to  the  pole  of  the  earth  itself,  is  as  far  from  solution 
as  it  ever  was.  It  has  long  since  been  known  that 
open  water  lies  beyond  the  ice-bound  seas  which  sur- 
round the  northern  shores  of  Siberia.  It  is  to  this 
open  water,  not  actually  seen,  but  as  actually  dis- 
covered as  though  it  had  been  seen,  by  Wrangel  and 
his  fellow-voyagers,  that  the  name  Polynia  was  first 
assigned. 
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"  It  has  also  been  shown  that  there  is  open  water 
to  the  north  of  portions  of  the  American  continent : 
while  within  the  angle  between  North- Greenland  and 
the  prolongation  of  the  western  shore  of  Kennedy's 
Channel,  open  water,  '  rolling  with  the  swell  of  a 
boundless  ocean,'  has  been  seen  to  extend  '  as  far  as 
the  eve  could  reach '  toward  the  north.  It  is  also 
well  known  that  close  by  the  very  region  where 
Payer  and  Weyprecht  found  open  water,  our  country- 
man, Henry  Hudson,  sailing  in  one  of  the  clumsy  tube 
called  ships  in  the  days  of  Queen  Elizabeth,  reached 
a  far  higher  northerly  latitude  than  the  German 
voyagers.  He  did  not,  however,  pursue  the  same 
course,  since,  whereas  they  have  penetrated  between 
Spitzbergen  and  Nova  Zembla,  he  sailed  round  the 
north-western  shores  of  the  former  island. 

"  But  the  discovery  just  announced,  although  it 
affords  no  new  evidence  of  importance  respecting  the 
open  polar  sea,  is  yet  of  great  interest,  in  showing 
how  the  open  water  surrounding  northern  Spitzber- 
gen may  be  reached  along  a  new  course.  The 
voyage  past  the  north-westerly  shore  of  Spitzbergen  is 
full  of  dangers.  It  has  been  attempted  again  and 
again  without  success,  while  too  often  the  result  of 
such  attempts  has  been  not  merely  failure,  but  disas- 
ter. The  route  followed  by  Lieutenants  Payer  and 
Weyprecht  had  been  thought  far  less  promising.  It 
lies  nearer  to  the  Siberian  pole  of  cold,  and  the  seas, 
being  narrower,  seemed  more  likely  to  remain  ice- 
bound, even  at  midsummer.  Now  that  it  has  been 
successfully  traversed,  other  voyagers  will  probably 
attempt  it.  The  fact  that  the  open  sea  between 
Spitzbergen  and  Nova  Zembla  abounds  with  whales, 
will  no  doubt  induce  many  hardy  whalers  to  explore 
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the  route,  and  possibly  to  voyage  far  to  the  north  on 
the  open  sea  in  their  search  for  these  creatures.  Cer- 
tainly, if  Arctic  travelers  can  succeed  in  reaching 
this  open  water  earlier  in  the  year  than  those  who 
have  discovered  it,  they  will  not  return  without  being 
able  to  tell  us  whether  the  sea  really  does  extend  far 
toward  the  north  pole." 


WASHING-SHIELD. 

In  the  rubbing  of 
clothes  by  the  hands, 
the  skin  is  liable 
to  be  abraded  from 
the  mechanical  ac- 
tion, which  is  great- 
ly aided  by  the 
softening  of  the 
skin  from  the  effect 
of  the  free  alkali  in 
the  soap  employed. 
To  protect  the  hands 
from  this  abrasion 
the  device  shown  in 
our  engraving  has 
been  invented. 
It  consists  in  a  corrugated  shield  or  armor,  which 

protects  the  person  and  forms  an  effective  surface  for 

rubbing  the  clothes. 


Collodion. — First  made  by  Dr.  Josiah  Curtis,  U. 
S.  A.,  of  Boston,  Mass,  in  September  or  October, 
1846.  Its  earliest  uses  were  as  a  liquid  adhesive 
piaster,  for  which  purpose  it  was  sold  by  druggists. 
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Its  first  use  for  photographic  pictures  was  suggested 
by  Charles  S.  Rand,  of  Philadelphia,  Pa.,  in  1848. 
The  name  "  Collodion "  suggested  by  Dr.  John  K. 
Palmer,  of  Cambridge  Mass.,  1846.  Bromine  in 
collodion  photography  first  used  by  Dr.  Diamond, 
U.  S.,  1850.  Bromide  of  potassium  first  used  in  col- 
lodion for  photographic  pictures  by  Dr.  Cresson, 
U.  S.,  in  April,  1852. 


SCIENCE    WITH   SAILS. 

Since  the  memorable  victory,  some  twenty  years 
ago,  of  the  New- York  yacht  America,  in  British 
waters,  over  the  combined  yachts  of  England,  and 
the  bringing  to  this  country  of  the  prize  of  the 
Queen's  cup,  an  enthusiastic  rivalry  has  prevailed 
among  the  yachtsmen  of  both  nations,  in  the  produc- 
tion of  fast  and  superior  vessels. 

The  laws  of  theoretical  and  mechanical  science 
have  been  most  carefully  studied,  and  the  result  has 
been  the  production  of  many  splendid  and  effective 
specimens. 

Of  the  various  trials  of  speed  which  took  place  last 
year,  perhaps  none  are  more  interesting  or  worthy  of 
record  than  the  contests  between  the  British  and 
American  yacht  clubs,  at  New- York,  in  the  month  of 
October,  1871. 

Our  English  cousins  were  admirably  represented  by 
Commodore  Ashbury  with  the  latest  and  best  speci- 
men of  their  vessels,  the  yacht  Livonia,  built  express- 
ly for  these  races,  and  intended  to  exemplify  the  very 
latest  ideas  of  the  best  British  constructors.  The 
lines  of  the  Livonia  are  undoubtedly  superior,  and 
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she  is  a  magnificent  vessel,  as  will  be  readily  under- 
stood by  a  glance  at  our  drawing. 

It  was  agreed  that  a  series  of  six  races,  for  the 
Queen's  cup,  should  be  sailed  between  the  Livonia 
and  any  one  of  the  following  four  yachts  which  the 
committee  of  the  New- York  Yacht  Club  might  choose 
to  select : 

American  Length  at  Displacement  Apportionment 

Yachts.  water-line.  in  cubic  feet.  in  cubic  feet. 

Sapplio 119.4 7431 1951 

Dauntless 116.6 7124 1924 

Columbia 98.4 4861 1694 

Palmer 98.6 4564 1659 

British 
Yacht. 

Livonia 106. Hi 6651 1881 

The  rule  of  measurement  for  time  allowances,  by 
which  the  above  totals  of  each  yacht  are  obtained,  is 
as  follows,  according  to  Mr.  Stueler's  formula : 

The  areas  of  three  sections,  from  the  water-line  to 
the  intersection  of  outer  planking  with  keel,  in  the 
case  of  each  yacht,  one  taken  amidships,  another 
equidistant  therefrom  to  the  stem,  and  the  third 
equidistant  therefrom  to  the  stern,  shall  be  measured 
and  determined  in  square  feet. 

The  cubical  contents  of  the  immersion  shall  then 
be  calculated  by  multiplying  the  sum  of  the  areas  of 
the  three  sections  by  one  fourth  of  the  length  on 
water-line  in  feet  and  decimals,  which  shall,  for  the 
purposes  of  this  measurement,  be  deemed  the  displace- 
ment of  the  yacht.  The  cube  roots  of  the  displace- 
ments shall  be  deemed  the  bases  of  comparative 
allowances  of  time. 

In  order  to  apply  the  bases  of  measurement  as 
above  to  the  sliding  scale  of  allowances,  graduated 
according  to  the  time  of  making  a  race,  hitherto  in 
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use  by  the  club,  (but  for  no  other  purpose,)  the  cube 
roots  of  the  displacements  shall  in  all  cases  be  multi- 
plied by  one  hundred,  thus  forming  the  apportion 
ments,  as  given  in  the  tables  of  allowances  of  time, 
which  are  graduated  according  to  the  time  of  making 
a  race,  and  are  calculated  for  every  quarter  of  an 
hour  from  three  and  a  half  hours  to  eight  hours, 
beyond  which  time  it  is  no  race,  and  must  be  sailed 
over  again. 

The  following  is  the  tonnage  and  measurement  of 
midship  section  from  water-line  to  garboard  plank  : 

American  Width  at  Depth  to 

Yachts.  Tons.  water- line.  Garboard. 

Columbia 206 25.1 5.5£ 

Dauntless 268 24.9£ 8.0 

Sappho 274 >26.0 9.2 

Palmer 194 23.5 6.10 

British 
Yacht. 

Livonia 265 23.2i 9.9£ 

The  courses  sailed  were  to  be  in  and  from  the  bav 
of  New -York,  seaward  and  return,  around  specified 
marks,  the  distance  being  about  twenty  miles  for  the 
first  three  races,  and  forty  miles  for  the  last  three. 

The  first  race. — October  16th,  the  Columbia,  a  fine 
centre-board  yacht,  was  selected  to  compete  with  the 
Livonia.  The  contest  was  quite  exciting,  and  was 
won  by  the  Columbia,  which  came  home  in  magnifi- 
cent style,  with  all  sail  set,  winning  the  race  by  27  m 
4  sec,  amidst  the  most  demonstrative  cheers  and 
applause  at  the  different  turning-points  of  the  course. 
The  Livonia  was  beaten  at  every  point,  the  centre- 
boarder  having  just  the  wind  and  sea  that  suited  her, 
and  laying  up  closer  to  the  wind  than  did  the  Livonia. 
Time  of  the  Columbia,  6  h.  19  m.  41  sec. 

The  second  race — October  18th,  between  the  same 
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vessels,  was  a  closer  contest,  the  wind  being  fine  at 
first,  which  gave  the  Livonia  an  advantage ;  but  sub- 
sequently very  heavy,  during  which  the  Columbia 
overtook  and  passed  her  rival,  again  coming  in  ahead, 
by  ten  minutes.     Time,  3  h.  7  m.  41f  sec. 

The  third  race — October  19th,  was  also  between 
the  Livonia  and  Columbia.  During  the  heavy 
weather  of  the  previous  day,  the  Columbia  had 
damaged  her  sails  and  topmast,  and  in  fact  the  other 
American  yachts  had  also  been  injured.  It  is  due  to 
the  British  yacht  to  say  that  she  went  staunchly 
through  the  ordeal  of  the  previous  day  without 
injury,  and  was  on  hand  promptly,  in  splendid  condi- 
tion, for  the  third  race,  which  lasted  5  h.  and  18  m., 
the  Livonia  beating  the  Columbia  this  time  by  19  m. 
33  sec. 

The  fourth  race — October  21st,  was  between  the 
Sappho  and  the  Livonia,  a  brilliant  and  exciting 
contest  of  forty  miles,  won  by  the  Sappho,  which 
came  in  30  min.  29  sec.  ahead,  her  time  being  5  h. 
39  m.  2  sec. 

The  fifth  race — October  23d,  was  also  between  the 
Sappho  and  the  Livonia.  This  is  reported  to  have 
been  the  most  beautiful  contest  ever  witnessed  in 
New- York  Bay  between  two  yachts.  Both  were 
repeatedly  cheered  from  afloat  and  ashore,  and  more 
delightful  weather  could  not  have  been  desired.  The 
Livonia  lay  down  gunwales  under  as  she  approached 
the  Narrows,  and  after  she  had  opened  to  the  strength 
of  the  wind  in  the  lower  bay,  her  lee  rail  was  fre- 
quently seen  to  go  under,  leaving  the  sea  to  sweep 
her  deck,  and  prevent  her  from  righting  quickly  from 
the  great  weight  of  water  she  shipped  to  leeward. 
Both  yachts  carried  on,  the  noble  Sappho  gradually 
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overhauling  the  Englishman,  and  finally  passing  him 
when  abreast  the  Lower  Quarantine  anchorage 
amidst  tumultuous  cheers  from  the  accompanying 
steamboats  and  shrill  steam- whistles.  The  Sappho 
came  in  ahead  by  25  m.  27  sec. 

The  sixth  race  was  declined  by  the  Livonia,  so  the 
cup  remains  with  the  original  victors,  the  New- York 
Yacht  Club. 

International  race. — October  24th,  the  Livonia  and 
Dauntless  contested  for  a  fifty-guinea  cup,  in  a  race 
of  forty  miles;  the  Dauntless  beating  by  6  m.  H 
sec.  ;  time,  5  h.  40  m.  38  sec. 


THE    GREAT    AUK. 

An  interesting  event  for  the  lovers  of  natural 
history  is  the  recent  addition  to  the  Museum  of 
Natural  History,  New -York,  through  the  courtesy  of 
E,.  L.  Stuart,  Esq.,  of  a  specimen  of  this  now  extinct 
species.  The  specimen  was  obtained  some  years  ago 
by  Mr.  Stuart,  at  a  cost  of  six  hundred  dollars.  There 
are  now  four  known ;  the  one  just  mentioned,  another 
obtained  not  long  ago  by  the  Smithsonian  Institution, 
Washington,  another  in  the  Academy  of  Natural 
Sciences,  Philadelphia,  and  a  fourth  in  the  Giraud 
cabinet  in  Yassar  College.  The  last  is  the  most  per- 
fect specimen,  and  certainly  possesses  the  greatest 
historical  value,  as  it  is  the  one  from  which  Audubon 
made  his  drawing  and  description.  It  was  caught  on 
the  banks  of  Newfoundland. 

Professor  James  Orton,  of  Yassar  College,  writing 
to  the  American  Naturalist,  says, 

The  great  auk  or  gare-fowl,  fortunately  for  itself, 
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did  not  live  long  enough  to  receive  more  than  one 
scientific  name — Alca  imjpennis.  It  was  about  the 
size  of  a  goose,  with  a  large  head,  a  curved,  grooved, 
and  laterally  flattened  bill ;  wings  rudimental,  adapt- 
ed to  swimming  only,  approaching  in  this  respect  the 
penguins  of  the  southern  hemisphere.  The  toes  are 
fully  webbed,  the  hind  one  wanting  ;  the  plumage  is 
black,  excepting  the  under  parts,  the  tips  of  the 
wings,  and  an  oval  spot  in  front  of  each  eye,  which 
are  white.  It  was  an  arctic  bird,  dwelling  chiefly  in 
the  Faroe  Islands,  Iceland,  Greenland,  and  New- 
foundland. "  Degraded  as  it  were  from  the  feathered 
rank,  (said  Nuttall,)  and  almost  numbered  with  the 
amphibious  monsters  of  the  deep,  the  auk  seems  con- 
demned to  dwell  alone  in  those  desolate  and  forsaken 
regions  of  the  earth."  But  it  was  an  unrivaled  diver, 
and  swam  with  great  velocity.  One  chased  by  Mr. 
Bullock,  among  the  Northern  Isles,  left  a  six  oared 
boat  far  behind.  It  was  undoubtedly  a  match  for  the 
Oxfords.  It  was  finally  shot,  however,  and  is  now  in 
the  British  Museum.  "  It  is  observed  by  seamen," 
wrote  Buffon  a  hundred  years  ago,  "  that  it  is  never 
seen  out  of  soundings,  so  that  its  appearance  serves  as 
an  infallible  direction  to  the  land."  It  fed  on  fishes 
and  marine  plants,  and  laid  either  in  the  clefts  of  the 
rocks  or  in  deep  burrows  a  solitary  egg,  five  inches 
long,  with  curious  markings,  resembling  Chinese 
characters.  The  only  noise  it  was  known  to  utter 
was  a  gurgling  sound.  Once  very  abundant  on  both 
shores  of  the  North- Atlantic,  it  is  now  believed  to  be 
entirely  extinct,  none  having  been  seen  or  heard  of 
alive  since  1844,  when  two  were  taken  near  Iceland. 
The  death  of  a  species  is  a  more  remarkable  event 
than  the  end  of  an  imperial  dynasty.     In  the  words 
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of  Darwin,  "  No  fact  in  the  long  history  of  the  world 
is  so  startling  as  the  wide  and  repeated  extermination 
of  its  inhabitants."  What  an  epoch  will  that  moment 
be  when  the  last  man  shall  give  up  the  ghost !  The 
upheaval  or  subsidence  of  strata,  the  encroachments 
of  other  animals,  and  climatal  revolutions — by  which 
of  these  great  causes  of  extinction  now  slowly  but  in- 
cessantly at  work  in  the  organic  world,  the  great 
auk  departed  this  life,  we  can  not  say.  We  know  of 
no  changes  on  our  northern  coast  sufficient  to  affect 
the  conditions  necessary  to  the  existence  of  this 
oceanic  bird.  It  has  not  been  hunted  down,  like  the 
dodo  and  dinornis.  The  numerous  bones  on  the 
shores  of  Greenland,  Newfoundland,  Iceland,  and 
Norway,  attest  its  former  abundance ;  but  within  the 
last  century  it  has  gradually  become  more  and  more 
scarce,  and  finally  extinct.  There  is  no  better  physi- 
cal reason  why  some  species  perish  than  why  man 
does  not  live  forever.  We  can  only  say  with  Buffon, 
"  It  died  out  because  time  fought  against  it."  From 
the  Zingula  prima  to  the  auk,  genera  have  been  con- 
stantly losing  species,  and  species  varieties ;  types  and 
links  are  disappearing. 


SUSPENDED  WEIGHING-MACHINE. 

The  obvious  advantages  which  result  from  dispens- 
ing with  the  separate  and  special  weighing  of  goods 
have  led  to  the  invention  of  appliances  for  obtaining 
the  weight  of  articles  of  merchandise  and  manu- 
facture during  removal  or  transhipment  from  or 
between  ships,  railway  trucks,  canal-boats,  wagons, 
etc.,  of  one  of  which,  a  recent  improvement,  we  give 
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an  illustration.  This  little  machine  is  the  design  of 
S.  Denison  &  Son,  Leeds,  Eng.,  and,  as  will  be  seen, 
it  is  construc- 
ted upon  the 
principle  of 
the  steel- 
yard,  with  the 
necessary  mo- 
difications to 
adapt  it  to  the 
purpose  re- 
quired. It  is 
portable,  be- 
ing of  small 
siz  e  # 
readily 
plied  to 
crane, 
verting 
same  into  a 
wei  ghin  g 
crane  for 
goods  while 
they  are  be- 
ing lifted. 
There  is  due 
provision  for 
taring  off  the 
slings  and 
hooks,  cases,  skeps,  or  packages,  as  may  be  required, 
by  means  of  a  balance  ball.  These  machines  are 
made  equal  to  any  desired  weight,  and  are  calculated 
to  be  useful  and  effect  economy  of  time  and  labor  in 
warehouses  of  all  descriptions. 


and 
ap- 
any 

con- 
the 
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LAYING    PIPES     UNDER    NAVIGABLE 
WATERS. 

Among  the  novel  methods  of  overcoming  the  dim- 
culties  of  tunnel  and  pipe-bnilding  under  water,  that 
of  Mr.  James  F.  Ward,  an  engineer  of  Brooklyn, 
N.  Y.?  has  proved  highly  successful. 

Our   sketch   shows   the   method   adopted  by  the 


ward's  method  of  laying  pipes  under  water. 

Philadelphia  Water- Works  for  carrying  the  water- 
main  across  the  Schuylkill  River,  for  the  purpose 
of  supplying  Germantown. 

The  joints  of  the  pipes  are  formed  on  the  ball-and- 
socket  plan,  plugged  with  lead,  but  so  arranged  that 
each  joint  will  have  flexibility.  A  scow  having  been 
provided,  a  sort  of  wooden  cradle  or  inclined  plane 
is  thereto  attached,  down  which  incline  the  pipes  are 
caused  to  slide.  The  pipe-lengths  are  put  together 
in  the  boat,  and  as  fast  as  a  new  length  is  added,  the 
boat  is  hauled  ahead,  the  pipe  being  allowed  to  settle 
from  the  boat  to  the  bed  of  the  river,  on  which  it 
rests  like  a  huge  snake,  as  shown  in  the  engraving. 

This   is   a   very  economical,  rapid,  and    effective 
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method  for  laying  submarine  tubes.  The  water- 
main  thus  laid  at  Philadelphia  is  three  feet  in  dia- 
meter and  963  feet  in  length.  The  greatest  depth  of 
the  river  where  it  is  laid  is  25  feet. 

This  plan  was  used  at  New- York  for  crossing  the 
Harlem  River  to  supply  Ward's  Island  with  water. 
Also  by  the  water- works  at  Jersey  City,  N.  J.,  to 
cross  the  Hackensack  River. 


THE  MONT  CENTS  TUNNEL.  INAUGU- 
RATION OF  THE  GREAT  RAILWAY 
THROUGH   THE  ALPS. 

Wrm  the  single  exception  of  the  Suez  Canal,  the 
Mont  Cenis  Tunnel  may  probably  be  considered  to  be 
the  grandest  engineering  work  of  the  day,  and  it  is, 
moreover,  undoubtedly  the  boldest  work  of  its  kind 
which  has  ever  been  carried  out,  either  in  ancient  or 
modern  times.  By  its  completion  the  railways  of 
France  are  united  to  those  of  Italy,  and  a  continuous 
railway  communication,  without  break  of  gauge,  is 
established  between  Calais,  in  France,  on  the  English 
channel,  and  Brindisi,  in  Italy,  on  the  Mediterranean 
sea,  a  distance  of  thirteen  hundred  and  ninety  miles. 
Considering  the  growing  importance  of  the  latter  port 
as  a  point  of  departure  for  the  eastern  mail  steamers, 
the  value  of  such  a  system  of  unbroken  communica- 
tion can  scarcely  be  overrated. 

It  is  somewhat  difficult  for  those  who  have  not 
visited  the  spot  itself,  to  thoroughly  realize  the 
boldness  of  an  undertaking  like  the  Mont  Cenis 
tunnel ;  but  the  following  considerations  may,  per- 
haps, assist  those  of  our  readers  who  have  not  had 
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the  privilege  of  paying  such  a  visit  in  forming  some 
conception  of  the  difficulties  to  be  overcome.  Let 
them  imagine  two  valleys  situated  nearly  eight  miles 
apart  in  a  direct  line,  and  separated  by  a  range  of 
rugged  and  almost  inaccessible  mountains  rising  to 
some  ten  thousand  feet,  or  so,  above  the  sea-level. 
Let  it  be  remembered,  also,  that  these  mountains  are 
composed  almost  entirely  of  hard  schist,  quartz,  and 
compact  limestone  ;  that  they  rise  so  steeply  that  the 
idea  of  forming  intermediate  shafts  on  the  line  of  the 
proposed  tunnel  could  not  be  entertained,  and  the 
problem  was,  in  fact,  to  bore  right  through  these 
mountains  for  a  distance  of  more  than  seven  and  a 
half  miles,  from  the  two  terminal  openings  only,  and 
then  some  idea  may  be  gained  of  the  boldness  which 
could  project  such  a  work,  and  the  energy,  perse- 
verance, and  skill  which  .could  bring  it  to  a  trium- 
phant conclusion. 

The  construction  of  the  Mont  Cenis  tunnel  was  first 
proposed  in  1852,  by  Chevalier  Maus,  who  was  the 
inventor  of  a  machine  by  the  aid  of  which  he  antici- 
pated being  able  to  carry  on  the  work  at  the  rate  of  a 
mile  and  a  half  per  annum.  This  expectation,  how- 
ever, was  far  from  being  borne  out  by  facts,  and  the 
scheme  was  abandoned  until  1857,  in  the  autumn  of 
which  year  the  work  may  be  said  to  have  really  been 
commenced.  The  latter  part  of  1857,  as  well  as  the 
two  following  years,  were  principally  occupied  in 
carrying  out  the  necessary  accessory  works  and 
providing  accommodation  for  the  workmen;  and  it 
was,  in  fact,  not  until  1861  that  experiments  were 
commenced — and  then  at  the  northern  end  only — on 
the  use  of  excavating  machinery,  all  the  work  so  far 
executed  having    been    performed  by  hand  labor* 
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After  many  trials  and  failures  the  boring-machines 
were  got  fairly  to  work,  and,  from  the  25th  of 
January,  1863,  until  December  31st,  1870,  when  an 
opening  between  the  two  portions  of  the  work  was 
completed,  they  were  in  constant  use  at  both  ends  of 
the  tunnel.  The  boring-machines  have  been  used, 
however,  merely  for  the  forming  of  the  advanced 
heading,  which  was  two  metres,  or  six  feet  six  and 
three  quarter  inches  square,  the  enlargement  of  this 
heading  to  the  full  section  of  the  tunnel  being  per- 
formed by  hand  labor  in  the  manner  substantially  as 
shown  in  our  engravings  of  the  Hoosic  Tunnel  on 
another  page. 

The  Mont  Cenis  tunnel,  although  commonly  sup- 
posed to  traverse  Mont  Cenis,  does  not  really  do  so, 
but  passes  some  distance  to  the  west  of  that  summit, 
the  highest  point  of  the  mountain  chain  directly  over 
the  line  of  the  tunnel  being  about  9700  feet  above 
the  level  of  the  sea,  while  Mont  Cenis  rises  to  upward 
of  11,400  feet  above  that  level.  The  tunnel  is  con- 
structed in  a  straight  line  from  Fourneaux,  a  village 
in  the  valley  of  the  Arc,  about  one  and  a  half  miles 
from  Modane,  on  the  French  side,  to  Bardonneche,  on 
the  Italian  side  of  the  mountain  ;  the  total  distance 
traversed  being  12,200  metres,  or  about  7  miles  1020 
yards.  At  Bardonneche  the  nature  of  the  ground 
did  not  allow  of  the  tunnel  being  conveniently 
commenced  at  a  less  elevation  than  1335.38  metres, 
or  4381  feet  above  the  sea  level,  while  at  Fourneaux 
the  entrance  has  been  made  at  a  point  1202.82 
metres,  or  3946  feet,  above  the  same  datum.  The 
difference  of  level  of  the  two  ends  of  the  tunnel  is 
thus  132.56  metres,  or  435  feet,  and  this  difference  of 
level  alone  would  have  necessitated  a  gradient  of 
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about  one  in  92  throughout  its  length.  It  having 
been  expected,  however,  that  during  the  execution 
of  the  work  a  considerable  quantity  of  water  would 
be  met  with,  it  was  deemed  advisable  to  construct 
the  tunnel  with  a  rising  gradient  of  one  in  2000  from 
the  Bardonneche  end,  this  gradient  being  met  near 
the  middle  of  the  length  of  the  tunnel  by  a  gradient 
of  22.2  per  100D,  or  about  one  in  45,  rising  from  Four- 
neaux.  The  fall  of  one  in  2000  toward  the  Italian 
entrance  was,  of  course,  intended  to  give  good  drain- 
age to  the  works  in  the  event  of  a  large  influx  of  water 
taking  place ;  but  no  such  event  occurred,  and  the 
tunnel  might  therefore  have  been  as  readily  construct- 
ed with  an  uniform  gradient  throughout,  falling  from 
the  southern  to  the  northern  side.  This,  however, 
could  not  have  been  foreseen  when  the  works  were 
commenced,  and  the  adoption  of  a  falling  gradient 
toward  the  southern  end  may  even  yet  prove  to  be  a 
useful  precaution. 

The  materials  traversed  by  the  tunnel  are  schist, 
quartz,  and  compact  limestone,  and  the  points  at 
which  the  various  strata  have  been  found  to  commence 
and  terminate  have  agreed  very  closely  with  the 
positions  assigned  to  them  by  the  geological  surveyors. 
Commencing  from  the  French  end,  the  schist  was 
found  to  extend  for  a  distance  of  2346  yards,  and  this 
was  bored  through  at  the  average  rate  of  126  metres, 
or  rather  more  than  four  feet,  per  day,  a  small  portion 
of  this  length  having  been  excavated  by  hard  labor 
alone.  Next  to  the  schist  came  550  yards  of  quartz, 
which  was  traversed  at  the  rate  of  scarcely  two  feet 
per  day  ;  and  this  was  followed  by  the  compact  lime- 
stone, in  which  the  work  on  the  French  side  was  carried 
on  at  the  rate  of  about  six  feet  ten  inches  per  day — a 
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rate  far  greater  than  was  at  first  anticipated.  Be- 
tween the  point  where  the  limestone  terminates  and 
Bardonneche,  nothing  but  schist  was  met  with.    The 
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workings  from  the  Italian  end  were  schist  only,  and 
were  carried  on  at  the  rate  of  a  little  over  Rye  feet  per 
day. 

The  total  number  of  workmen  employed  was  about 
three  thousand,  one  thousand  five  hundred  at  each 
end  of  the  tunnel.  These  were  divided  into  shifts  or 
gangs  working  from  six  to  eight  hours  a  day,  -accord- 
ing to  the  character  of  the  work,  and  operations  were 
carried  on  night  and  day  with  the  utmost  regularity. 
We  present  a  sectional  view  of  the  mountain  through 
which  the  tunnel  passes,  showing  in  Fig.  1  the  grades, 
the  varying  kinds  of  minerals,  and  the  extent  of  each. 
Fig.  2  shows  the  rough  opening  near  the  entrance  of 
the  tunnel.  Fig.  3  shows  the  form  of  the  tunnel, 
when  completed,  at  the  entrances. 

At  the  French  or  Modane  end,  the  tunnel  is  26 
feet  2f  inches  wide  at  the  broadest  part,  25  feet  3J 
inches  wide  at  the  base,  and  24  feet  7J  inches  in  height, 
the  arch  being  in  the  form  of  a  semicircle.  At  the 
Bardonnecchia  end,  the  tunnel  is  made  elliptical,  to 
resist  the  pressure  caused  by  the  inclination  of  the 
strata,  and  the  height  of  the  tunnel  is  increased  to 
25  feet  7  inches.  For  some  distance  from  the  entran- 
ces, the  tunnel  is  lined  with  stone  masonry  ;  and  at 
some  of  the  interior  portions,  where  it  is  necessary  to 
keep  up  the  materials,  a  lining  is  used  of  brick.  But 
where  the  rock  is  good  and  sound,  no  lining  is  required. 
The  work  of  drilling  the  headings  of  the  Mont  Cenis 
tunnel  was  performed  by  means  of  machine-drills 
operated  by  compressed  air.  The  drills  or  perforators 
were  attached  to  pistons  which  worked  within  small 
cylinders,  and  were  made  to  reciprocate  by  means  of 
compressed  air,  at  a  pressure  of  sixty  pounds  to  the 
square  inch.     The  air  was  compressed  at  the  Italian 
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end  by  means  of  siphons,  but  at  the  French  end  by 
the  use  of  water-wheels.  The  water-wheels  acted  upon 
a  series  of  single-acting  air-pumps,  two  feet  in  diame- 
ter, which  injected  the  air  at  the  requisite  pressure  of 
three  atmospheres  into  air-receivers,  where  it  was 
conducted  through  strong  eight-inch  iron  pipes  into 
the  tunnel  to  the  perforating  machine,  on  which  the 
drills  were  supported.  The  air  was  supplied  under 
the  above  pressure  at  the  rate  of  three  hundred  and 
forty-six  cubic  feet  per  minute.  One  of  our  engrav- 
ings represents  a  side  elevation  in  outline  of  one  of 
the  drilling-machines  as  arranged  in  position  at  the 
heading  of  the  tunnel.  A  perspective  view  of  an 
analogous  machine  will  be  found  on  another  page,  in 
the  article  descriptive  of  the  Hoosic  tunnel,  which  is 
now  being  bored  on  much  the  same  plan,  with  ma- 
chinery and  appliances  much  the  same  as  the  Mont 
Cenis  tunnel.  It  was  found,  in  practice,  that  the  com- 
pressed air  used  to  work  the  drills  at  Mont  Cenis, 
although  conducted  during  the  progress  of  the  work 
for  from  two  to  four  miles,  through  the  iron  pipes, 
before  acting  on  the  pistons  of  the  drills,  lost  but  little 
of  its  pressure.  The  initial  pressure  being  three 
atmospheres,  or  sixty  pounds  per  square  inch,  the  pres- 
sure at  the  drills  was  usually  about  three  pounds  less, 
or  fifty-seven  pounds. 

From  the  water-wheel  shops  or  compressor  build- 
ings, the  air-pipes  were  laid  on  pillars,  which  were 
provided  at  their  tops  with  rollers,  on  which  the  pipes 
rested,  the  arrangement  being  such  that  the  ex- 
pansion and  contraction  of  the  pipes  by  the  varying 
temperature  of  the  atmosphere  was  duly  compensated 
for.  But  in  the  tunnel,  where  the  temperature  was 
always  nearly  even  at  eighty  degrees,  the  air-pipes 
were  laid  in  the  ground. 
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The  size  of  the  advanced  heading  was  6  feet  6f 
inches  square.     The  remainder  of  the  work,  that  is  to 

say,  the  enlargement 


of  the  tunnel  to  its  full 
dimensions,  was  done 
by  hand,  by  parties  of 
workmen  operating 
in  divisions  at  diffe- 
rent parts  of  the  tun- 
nel, substantially  in 
the  same  manner  as 
shown  in  our  illustra- 
tion of  the  Hoosic 
tunnel  on  another 
page. 

We  give  a  longitu- 
dinal section  of  the 
heading  showing  the 
form  of  the  cavities 
made  by  the  drills. 
The  dotted  lines  show  the  manner  in  which  the  rock 
is  broken  out  by  the  explosions  of  the  blasts. 

The  "Affusto"  is  made  so  that  it  will  hold  seven 
boring-machines  simultaneously,  and  at  the  same 
time  allow  these  to  be  placed  at  various  angles  with 
the  face  of  the  work.  The  number  of  holes  bored 
and  their  arrangement,  of  course,  depend  greatly  upon 
the  nature  of  the  material  which  is  being  penetrated, 
and  are  matters  which  are  decided  according  to  the 
judgment  of  those  in  charge  of  the  work.  After  the 
holes  are  bored,  they  are  charged,  and  the  boring 
machinery  being  run  back  from  sixty  to  one  hundred 
yards,  to  behind  doors  or  screens,  the  charges  are  fired. 
The  deblais  and  loosened  rock  is  then  removed  by  the 
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aid  of  low  trucks,  and  the  heading  having  been  cleared, 
the  boring  machinery  is  again  brought  forward,  and 
the  boring  recommenced.  The  large  holes  are  not 
charged,  being  merely  intended  to  weaken  the  rock. 
In  arranging  the  holes  in  the  face,  the  object  kept  in 
view  is  not  merely  to  obtain  the  greatest  possible 
displacement  of  rock  with  each  charge,  but  to  insure 
the  breaking  up  of  the  material  displaced  into  frag- 
ments of  moderate  size,  so  that  the  deblais  can  be  read- 
ily removed.  For  this  reason  the  number  of  holes 
bored  is  greater  than  at  first  sight  appears  necessary, 
any  waste  thus  incurred  being  more  than  counter- 
balanced by  the  saving  of  labor  in  clearing  the  head- 
ing. The  holes  for  the  charges  were  about  1\  inches 
in  diameter,  bored  to  a  depth  of  about  two  feet  eight 
inches,  or  three  feet  three  inches,  this  depth  being 
penetrated  in  from  twenty  to  thirty  minutes,  according 
to  the  nature  of  the  rock.  In  some  instances,  holes 
as  large  as  six  inches  in  diameter  were  made  for  the 
purpose  of  making  the  first  breach,  and  these  holes 
were  bored  to  a  depth  of  three  feet  three  Inches  in  an 
hour.  In  other  cases,  holes  three  inches  in  diameter 
at  the  mouth,  and  six  inches  in  diameter  at  the  inner 
end,  were  bored  by  drills  especially  constructed  for 
the  purpose,  and  these  holes  were  charged  and  fired 
for  the  purpose  of  producing  a  breach.  During  the 
boring,  the  holes  were  kept  clear  of  the  cuttings  of 
the  drills  by  jets  of  water  directed  into  them. 

THE   INAUGURATION. 

It  was,  as  we  have  before  stated,  on  the  30th  of 
December,  1870,  that  the  last  barrier  in  the  tunnel' 
was  beaten  down  ;  and  the  two  parties  of  workmen, 
who  had  been  advancing  from  either  side,  met  in  the 
bowels  of  the  earth  about  six  miles  from  Bardonec- 
chia.     M.  Grattoni,  one  of  the  original  engineers  of 
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the  work,  was  the  first  person  who  passed  through 
the  opening 

The  enlargement  and  completion  of  the  tunnel,  and 
the  laying  of  the  rails,  was  not  finished  nntil  Sep- 
tember 17th,  1871,  on  which  day  the  inauguration 
ceremonies  took  place,  the  rails  being  then  continuous 
from  Turin,  in  Italy,  to  Fourneaux,  in  France. 

A  correspondent  describes  the  inauguration  as  fol- 
lows :  "  The  17th  inst.  was  appointed  for  the  inau- 
guration, and  on  the  evening  of  the  16th,  crowds  of 
Frenchmen  began  to  fill  the  inns  of  the  villages  of 
Fourneaux,  Modane,  and  St.  Michel.  The  Ministers 
of  Agriculture,  Public  Works,  and  the  Interior  arriv- 
ed to  represent  France,  and  the  President  of  the  Swiss 
Confederation  on  behalf  of  his  country.  There  we 
also  found  the  cream  of  French  engineers,  among  the 
rest  M.  de  Lesseps.  At  half -past  ten  on  the  morning 
of  the  17th,  the  first  train,  bearing  the  Italian  officials, 
M.  Yisconti  Venosta,  Minister  of  Foreign  Affairs,  M. 
Yicensi,  Minister  of  Commerce  and  Agriculture,  M. 
Mgra,  Italian  Ambassador  at  Paris,  M.  Amelot,  Di- 
rector of  the '  Haute  Italie,'  MM.  Grandis  and  Grattoni, 
engineers  of  the  tunnel,  appeared  at  the  mouth. of  the 
tunnel ;  M.  Sommeiller,  the  third  engineer,  had  ex- 
pired about  a  week  before  the  ceremony.  A  guard 
of  honor  was  drawn  up  in  the  station  at  Fourneaux. 
Italian  and  French  flags  waved  in  every  direction. 
A  triumphal  arch  had  been  erected  over  the  mouth 
of  the  tunnel,  and  trophies  of  flags  decorated  the 
fronts  of  the  engines.  At  about  ten  minutes  to  twelve, 
the  train  started  for  Bardonecchia  amidst  the  vivas  and 
the  hravos  of  the  assembled  crowds,  and  at  noon  precise- 
ly we  entered  the  tunnel.  The  passage  lasted  forty-six 
minutes.  There  was  but  little  smoke,  and  the  heat 
was  never  absolutely  oppressive.     At  Bardonecchia, 
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we  were  received  by  a  crowd  of  well-dressed  ladies 
and  gentlemen  from  Turin,  and  conducted,  amidst 
salutes  of  artillery  and  the  lively  strains  of  the  band  of 
the  Guardi  ]N~azionale,  up  the  hill  to  the  immense  tent 
which  had  been  prepared  for  the  banquet.  This  tent 
was  nearly  five  hundred  yards  long  by  fifty  broad. 
The  tables  were  ranged  along  the  sides,  one  of  which 
was  open,  affording  a  lovely  view  of  the  mountains  ; 
the  other  was  tastefully  decorated  with  flags  and 
trophies  of  miners'  implements.  The  tables  holding 
the  wines  and  viands  stood  in  the  centre,  and  an  army 
of  waiters  flitted  noiselessly  about,  supplying  the 
wants  of  the  guests.  At  the  south  end  was  the  table 
of  the  ministers,  at  which  the  engineers  of  the  tunnel 
and  M.  de  Lesseps  also  took  their  seats.  The  repast 
was  sumptuous,  and  the  wines  choice.  At  about  four 
o'clock,  the  speeches  commenced  at  the  ministers'  table, 
and  all  the  guests  (nearly  two  thousand  in  all)  pressed 
toward  the  south  end.  The  only  speech  which  seemed 
to  excite  any  universal  interest  and  applause  was  that 
of  M.  Lefranc,  the  French  Minister  of  Agriculture, 
who  touched  upon  the  history  of  the  work,  giving 
honorable  mention  to  all  concerned  in  it,  and  particu- 
larly laid  stress  upon  the  future  union  between  the 
sister  nations,  France  and  Italy.  At  five,  a  train  started 
for  Modane  to  fetch  M.  de  Eemusat,  the  French  Min- 
ister of  Foreign  Affairs,  upon  whose  arrival  the  whole 
party  started  for  Turin,  where  the  festivities  were 
kept  up  three  days." 

THE   ENGINEERS    OF    THE   MONT   CENIS   TUNNEL. 

Germano  Sommeiller  was  born  in  1815,  of  humble 
parentage,  in  a  little  cottage  in  San  Jeoire,  Chamounix. 
At  an  early  age,  he  was  sent  to  the  Abbe  Ducrey, 
director  of  the  College  of  Melan,  who,  finding  the  lad 
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somewhat  high-spirited  and  averse  to  discipline,  had 
the  wisdom  to  humor  him  on  this  point,  and  made  his 
studies  as  agreeable  as  such  things  can  be  made.  From 
the  good  abbe  young  Sommeiller  went  to  the  College 
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of  Annesy  to  prepare  for  the  University  of  Turin, 
which  he  entered  in  1835,  being  bent  at  this  time  on 
becoming  a  lawyer.  Fortunately,  however,  he  chang- 
ed his  mind,  and  determined  to  become  an  engineer; 
but  was  still  so  far  from  appreciating  his  own  talents, 
that  it  was  as  a  military  and  not  a  civil  engineer  that 
he  determined  to  make  his  start  in  life.  But  here  a 
difficulty  met  him,  which,  in  the  end,  decided  his 
career.  He  could  not  get  his  pass ;  and  when  it  was 
proposed  that  he  should  enter  the  engineers  as  a  pri- 
vate, he  preferred  becoming  an  engineer  on  his  own 
account.  In  1845,  a  body  of  civil  engineers  was  being 
formed  at  Turin ;  Sommeiller  was  applied  to,  and  was 
engaged,  with  a  salary  of  thirty  soldi  a  day.  He  soon 
made  his  way,  and,  after  a  time,  was  employed  upon 
railway  work,  with  a  salary  of  a  thousand  lire,  and 
was  subsequently  sent  with  Grandis  and  another 
engineer  into  Belgium  to  execute  some  work  there. 
We  must  now  turn  for  a  moment  to  Grattoni. 

Severino  Grattoni  was  born  at  Yoghera,  December 
7th,181 6.  As  his  brother  engineer  was  nearly  devoting 
himself  to  the  law  of  his  own  will,  so  Grattoni  was 
nearly  devoted  to  the  church  by  the  will  of  others ; 
for  the  priests  in  whom  the  government  of  his  school 
rested,  observing  his  precocious  talent  and  tenacity  of 
mind,  wished  to  bring  him  up  as  one  of  their  own 
body.  This  fair  dream  was  brought  to  an  abrupt 
conclusion.  Grattoni  had  imbibed  very  advanced 
opinions,  and,  having  spiced  one  of  his  exercises  with 
dangerous  doctrines,  was  nearly  being  expelled  from 
the  school.  The  matter  was,  however,  made  up,  and 
having  concluded  his  studies  there,  he  went  in  due 
course  to  the  University  of  Turin.  Still  a  M  azzinian, 
the  young  man  left  the  university  in  1847,  and  was  sent 
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by  the  distinguished  astronomer,  Plana,  to  direct  the 
institute  at  Bulla,  where  he  remained  four  years.  He 
contributed  papers  to  the  Concordia,  the  most  advanced 
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of  Pieclmontese  journals,  being  often  opposed  to  Ca- 
vour,  who  wrote  in  the  more  moderate  Resogimento. 
But  differences  of  political  opinion  did  not  prevent 
a  friendship  springing  up  between  the  two.  When 
Count  Cavour  obtained  power  in  1850,  he  remember- 
ed his  fiery  engineer,  and  consulted  him  on  many  public 
works,  more  especially  on  that  piercing  of  Mont  Cenis 
with  which  Grattonrs  fame  will  always  be  linked. 
Grattoni  himself  became  a  deputy,  abated  something 
of  republican  ardor,  and  appeared  as  a  staunch  sup- 
porter of  his  friend's  policy,  without,  however,  losing 
any  of  his  professional  activity  and  determination. 

These  were  now  specially  called  into  operation  by 
Cavour's  adoption  of  the  long  discussed  Mont  Cenis 
tunnel  scheme,  to  the  study  of  which  Grattoni,  and 
Sommeiller,  and  Grandis,  now  once  more  in  Italy, 
devoted  themselves.  Of  this  triumvirate  Sommeiller 
supplied  the  chief  inventive  power ;  Grattoni,  the 
organization  and  perseverance,  without  which  all  the 
invention  in  the  world  would  have  been  of  no  avail ; 
and  Grandis  a  sound  judgment,  which  was  of  great 
use  in  theoretical  questions.  Of  the  two  subjects  of 
our  notice,  Grattoni  alone  lives  to  reap  the  full  honors 
of  the  great  work,  for  just  as  they  had  arrived  in  sight 
of  the  end,  about  a  week  before  the  opening  of  the 
tunnel,  Sommeiller  died. 

Our  portrait  of  Sommeiller  is  from  a  photograph 
by  H.  le  Lieure,  of  Turin  ;  that  of  Grattoni,  from  one 
by  Lhemboche,  of  Turin. 

THE    MONT  CENIS  RAILWAY  OVER  THE  ALPS. 

In  the  foregoing  pages,  we  have  detailed  the  con- 
struction and  inauguration  of  the  great  railway  tunnel 
through  the  Alps,  near  Mont  Cenis,  and,  in  concluding 
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the  subject,  it  is  proper  mat  some  allusion  should  be 
made  to  the  narrow-gauge  railway  which  was  put 
in  operation  over  the  Alps  for  the  accommodation  of 
the  public  while  the  tunnel  was  being  constructed. 

This  railway  extends  from  St.  Michel  on  the  French 
side  of  the  mountain,  to  Susa  on  the  Italian  side. 
The  latter,  it  will  be  remembered,  is  not  quite  eight 
miles  in  length.  But  the  railway  over  the  mountain 
is  forty-eight  miles  in  length.  The  tunnel,  therefore, 
saves  forty  miles  of  difficult  not  to  say  dangerous  travel- 
ing. The  concession  for  the  Mont  Cenis  railway 
over  the  Alps  was  limited  to  the  period  when  the 
tunnel  should  be  completed.  Its  operation  must  there- 
fore now  be  brought  to  a  close.  The  tunnel  has  been 
completed  some  three  years  sooner  than  was  expected, 
and  hence  the  stockholders  of  the  mountain  railway 
will  not  realize  much  profit  from  their  enterprise. 
The  road  has,  however,  done  a  large  business  during 
the  two  and  a  half  years  of  its  operation,  and  has  been 
of  great  convenience  to  the  public. 

Its  track  is  laid  upon  the  outer  edge  of  the  Napoleon 
carriage-road  over  the  Alps,  and  follows  all  of  the 
remarkable  curves  and  gradients  of  the  surface  of 
that  structure.  To  secure  the  necessary  traction  of 
the  locomotive,  a  third  or  central  rail  was  provided, 
on  which  a  pair  of  horizontal  wheels  were  made  to 
grip  when  going  up  the  steepest  grades.  This  was  a 
device  by  Mr.  Fell,  an  American  engineer,  and  was 
found  to  accomplish  the  purpose  with  entire  success. 
The  gradients  vary  from  one  in  eleven  to  one  in 
thirty.  The  gauge  of  the  rails  is  three  feet  seven  and 
five  eighths  inches.  One  of  our  engravings  is  a  view 
of  Susa,  the  Italian  terminus  of  the  railway. 
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NEW    SCHOOL     OF     MECHANICAL    ENGI- 
NEERING, 

The  late  Edwin  A.  Stevens,  of  Hoboken,  N.  J.,  a 
gentleman  of  rare  intelligence  and  great  wealth,  pro- 
vided by  bis  will,  among  other  benevolent  dispositions 
of  his  property,  for  the  establishment  at  Hoboken  of  a 
large  and  splendid  institution  of  learning.  He  desired 
that  it  shonld  be  furnished  wTith  every  possible  appli- 
ance capable  of  affording  assistance  in  thorough  instruc- 
tion in  the  sciences,  that  the  fees  for  tuition  should 
be  moderate,  and  its  usefulness  thus  widely  extended. 

Up  to  the  present  time,  the  trustees  have  received 
from  his  estate  the  munificent  sum  of  seven  hundred 
and  fifty  thousand  dollars,  with  which  they  have  erect- 
ed a  noble  building  in  Hoboken,  opposite  New- York, 
and  on  the  20th  of  September,  1871,  it  was  duly  inau- 
gurated, and  is  now  in  successful  operation.  Our  en- 
graving is  a  front  view  of  the  institution.  It  is  styled 
the  Stevens  Institute  of  Technology,  and  is  stocked 
with  perhaps  the  finest  collection  of  scientific  appa- 
ratus ever  brought  together.  It  promises  to  be  one  of 
the  most  complete  and  thorough  schools  of  mechanical 
engineering  in  America. 

The  Faculty  are:  as  President,  Professor  Henry 
Morton,  the  brilliant  lecturer  on  physical  science,  and 
former  editor  of  the  Journal  of  the  Franklin  Institute. 
As  Professor  of  Physics,  Dr.  A.  M.  Mayer,  formerly 
of  Lehigh  University,  and  well  known  among  scien- 
tists by  his  valuable  original  researches  in  magnetism 
and  other  branches  of  physics.  As  Professor  of  Me- 
chanical Engineering,  we  find  the  name  of  R.  H.  Thurs- 
ton, late  of  the  United  States  Naval  Engineers,  and 
a  member  of  the  academic  staff  of  the  United  States 
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Naval  Academy.  Professor  Thurston  was  formerly 
from  Providence,  P.  I.,  where,  under  the  eye  of  his 
father,  then  senior  member  of  the  well-known  firm  of 
Thurston,  Gardner  &  Co.,  steam-engine  builders,  he 
obtained  his  practical  workshop  and  office  training. 
He  was  educated  at  Brown  University,  taking  the 
course  in  engineering ;  and  at  the  breaking  out  of  the 
rebellion,  entered  the  United  States  navy  as  an  engi- 
neer officer,  serving  ten  years,  and  meeting  with 
every  variety  of  practical  work,  as  well  as  recently 
doing  duty  as  "  Lecturer  on  Natural  and  Experimental 
Philosophy"  at  the  Naval  Academy. 

Professor  Albert  P.  Leeds,  the  Chemist  of  the  Insti- 
tute, was  lecturer  at  the  Franklin  Institute  of  the 
State  of  Pennsylvania,  at  Philadelphia,  and  is  a  rising 
man. 

Colonel  Hascall  comes  from  West-Point  to  take  the 
department  of  mathematics ;  and  we  judge  that  the 
others  of  the  faculty  are  equally  well  chosen. 

These  gentlemen  are  now  engaged  in  collecting 
apparatus  and  a  library,  and  fitting  up  their  several 
departments  preparatory  to  the  opening  of  the  college, 
September  20th  next. 

The  curriculum  begins  with  an  extended  course  in 
mathematics,  including  the  applications  of  the  calculus, 
a  course  in  chemistry,  and  the  usual  college  course 
in  physics,  and  also  courses  in  French  and  German. 
Having  thus  laid  a  foundation,  the  superstructure  is 
erected.  This  consists  of  an  advanced  course  of  qual- 
itative and  quantitative  chemical  analysis  in  the  labo- 
ratories, a  course  of  practical  work  in  the  physical  labo- 
ratory, and  the  course  in  mechanical  engineering  ;  in 
other  words,  the  course  of  applied  science.  The  course 
of  instruction  in  the  physical  laboratory  is  one  seldom, 
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offered  by  our  colleges,  but  is  of  especial  importance 
to  the  mechanical  engineer.  It  places  in  the  hands 
of  the  student  the  barometer,  the  manometer,  the 
densitometer,  the  balance,  and  the  vernier,  and 
every  other  instrument  of  physical  investigation, 
and  teaches  him  their  use  by  actual  practice. 

Drs.  Morton  and  Mayer  have  collected  a  splendid 
set  of  apparatus  for  this  department;  the  optical 
collection — including  the  whole  of  the  celebrated 
"  Bancker  collection"  of  Philadelphia — is  the  most 
complete  in  the  world,  and  contains  many  instru- 
ments of  great  historical  as  well  as  practical  interest. 

For  the  mechanical  department,  large  orders  have 
been  given,  and  others  are  in  course  of  preparation. 

In  this  collection  are  to  be  selections  from  the  cata- 
logues of  Schotter  of  Darmstadt,  and  Schoder  of 
Frankfort,  as  well  as  heavy  drafts  upon  S aileron  of 
Paris.  There  may  be  found  here  the  engine  and  boil- 
ers of  a  steamboat  used  by  Colonel  John  Stevens,  on 
the  Hudson,  sixty-seven  years  ago,  the  boiler  being 
tubular,  and  equal  in  design  to  many  of  the  "  safety" 
tubular  boilers  of  the  present  day,  and  the  screws — 
twin  screws — of  as  good  form  as  many  now  running. 

On  another  page  of  Science  Record  will  be  found 
an  engraving  of  these  screws.  Here  also  are  models, 
complete  and  incomplete,  large  and  small,  of  the  great 
and  once  wonderful  Stevens  iron-clad  battery,  which 
still  lies — modernized  by  General  McClellan  and  En- 
gineer I.  Newton — in  the  same  spot  in  which  the  keel 
was  first  laid. 

Here  is  a  most  beautiful  model  of  the  oscillating 
engine  and  feathering  paddle-wheels,  as  built  by  the 
well-known  English  firm  of  Penn  &  Son ;  here  are 
pumps  and  engines,  rotary  and  reciprocating,  boiler 
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models  of  all  styles ;  and  we  are  promised  so  much 
that  is  interesting  that  we  hardly  know  where  to  stop 
cataloguing  them. 

In  the  work-rooms  and  machine-shop,  where  the  stu 
dent  is  taught  the  principles  involved  in  tool-using  and 
in  the  trades  auxiliary  to  engineering — pattern-mak- 
ing, moulding,  and  founding,  and  machinists'  work — is 
to  be  placed  a  small  collection  of  carefully  selected 
tools  and  machines. 

Already  a  drill,  by  the  Putnam  Machine  Company, 
and  one  of  Browne  &  Sharpens  beautiful  "  universal 
milling-machines"  are  in ;  and,  in  selecting  other 
tools,  the  difficulty  will  probably  be  to  determine 
which  of  our  manufacturers  shall  be  allowed  to  place 
their  tools  there,  where  they  will  be  so  continually  on 
exhibition. 

A  course  of  instruction  in  drawing,  under  the  direc- 
tion of  Professor  McCord,  accompanies  and  illustrates, 
and  its  earlier  work  precedes,  the  course  in  engineer- 
ing, extending  through  the  whole  four  years,  and  in 
all  of  the  courses  of  instruction  we  are  promised  that 
great  care  will  be  taken  to  make  each  branch  assist 
the  others,  and,  in  all,  to  give  special  attention  to  all 
principles  having  a  directly  practical  bearing  upon 
the  student's  professional  work. 

It  seems  to  be  the  intention  of  those  having  charge 
of  the  institution  to  go  about  the  business  of  prepar- 
ing young  mechanical  engineers  for  their  profession 
in  a  thorough  and  business-like  manner,  and  we  wish 
them  the  full  success  that  they  are  evidently  deter- 
mined to  command. 

By  the  terms  of  the  testator's  will,  students  from  the 
State  of  New-Jersey  enjoy  special  advantages  in  the 
matter  of  tuition,  the  charges  being  to  residents  of 
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New-Jersey,  seventy-five  dollars  per  annum  ;  to  others, 
one  hundred  and  fifty  dollars. 

In  addition  to  our  view  of  the  Stevens  Institute 
building,  we  also  present  an  engraving  of  the  engine, 
boiler,  and  twin  propellers  of  John  Stevens's  steam- 
boat, designed  and  actually  put  in  operation  by  him  in 
1804.  Our  sketch  is  taken  from  the  machinery  itself, 
which  is  still  in  a  good  state  of  preservation. 

The  history  of  this  remarkable  machinery  is  best 
told  in  the  words  of  the  late  Edwin  A.  Stevens,  the 
son  of  the  inventor,  who  thus  speaks  of  it  in  a  letter 
addressed  to  General  JST.  P.  Talmadge,  (President  of 
the  American  Institute,)  in  October,  1844 :  "  The 
engine  and  boiler  are  the  identical  ones  used  in  1804. 
The  original  boat,  being  of  wood,  has  of  course  long 
since  gone  to  decay.  The  propellers  are  made  as  pre- 
cisely like  as  possible  the  drawings  and  descriptions 
given  by  Colonel  Stevens  in  a  letter  dated  November 
16th,  1805,  addressed  to  Robert  Hare,  Jr.,  of  Phila- 
delphia. 

"  The  performance  of  this  boat  was  so  satisfactory 
that  my  father  immediately  commenced  to  put  an 
engine  in  a  boat  with  the  intention  of  making  her  a 
passage-boat  to  Albany ;  but  the  machinery  taking  up 
more  room  than  was  contemplated,  she  had  not  suffi- 
cient accommodations  for  passengers." 

From  a  subsequent  letter  of  Commodore  Stevens  to 
Mr.  John  Walsh,  of  Philadelphia,  dated  June  21st, 
1864,  we  read :  "  With  this  engine  and  boiler  my 
father  made  extended  experiments  in  1804,  being 
among  the  first  experiments  in  steam  navigation,  and 
the  first  in  which  a  rotary  screw  or  propeller  was  used 
or  suggested." 

A  copy  of  the  original  boat,  with  this  engine  and 
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boiler,  was  tried  in  1844  by  a  committee  of  the  Ame- 
rican Institute  of  New- York,  and  they  certified  that 
her  speed  was  a  little  over  eight  miles  an  hour,  as  as- 
certained by  running  over  an  accurately  measured 
distance,  the  time  being  taken  by  a  stop-watch.  This 
boat  is  now  in  possession  of  the  Stevens  Institute. 


STEVENS'S  FIKST  STEAMBOAT.     1804. 


STEVENS'S  SECOND  STEAMBOAT.      1806. 

Properly  to  appreciate  what  we  have  just  written, 
the  reader  has  to  bear  in  mind  that  Fulton's  Clare- 
mont  made  her  trip  in  1807,  three  years  after  Colonel 
Stevens's  experiments,  which  were  as  satisfactory  as 
could  be  desired  with  an  engine  and  boiler  of  such 
limited  capacity. 
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Colonel  Stevens  began  his  experiments  in  1791,  and 
during  a  part  of  that  time  was  assisted  by  Chancellor 
Livingston,  who  was  afterward  Fnlton's  coadjutor  in 
introducing  vessels  propelled  by  paddle-wheels. 

We  give  sketches  of  both  of  these  original  boats, 
one  being  a  pirogue  fifty  feet  long,  the  other  a  larger 
boat  called  the  Phoenix. 

It  is  a  curious  circumstance  that  in  1836 — more  than 
thirty  years  after  John  Stevens  had  put  his  screw 
steamboat  in  operation — an  English  inventor,  Francis 
Pettit  Smith,  obtained  a  patent  in  England  for  the 
idea  of  propelling  vessels  by  screw  propellers.  Smith's 
first  practical  experiment  was  with  a  boat  about  the 
same  size  as  that  of  Stevens's. 

John  Stevens  appears  never  to  have  done  any  thing 
more  with  his  screw  propellers  than  to  operate  his 
small  boat.  Not  so  with  Smith.  He  persevered  until 
he  got  the  screw  placed  upon  a  large  sea  vessel — two 
hundred  and  thirty-seven  tons — and  the  operations  of 
this  ship  were  so  satisfactory  that  all  doubts  about  the 
usefulness  of  the  screw  were  removed,  and  this  form 
of  propulsion  was  immediately  introduced  into  the 
English  navy.  Mr.  Smith  still  survives.  He  is  an 
officer  in  the  Patent-Office,  London,  and  the  British 
government  has  lately  conferred  upon  him  the  honor 
of  knighthood.  An  interesting  sketch  of  his  life,  with 
a  portrait,  will  be  found  on  another  page. 

JOHN     STEVENS. 

There  are  few  families  on  this  continent  to  whom 
the  people  of  America  are  more  indebted  for  many  of 
the  conveniences  of  travel  than  to  that  of  the  well- 
known  Stevenses,  of  New-Jersey.  Among  the  most 
prominent  of  them  was  John  Stevens,  of  Hoboken,  the 
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father  of  the  late  Edwin  A.  Stevens,  the  founder  of  the 
Stevens  Institute  of  Technology. 

The  grandfather  of  Colonel  John  Stevens  came  to 
America  before  1708,  and  settled  in  New- York  ;  but 
marrying  Anna  Campbell,  granddaughter  of  Lord 
Neil  Campbell,  he  removed  to  Perth  Amboy,  N.  J., 
and  there  engaged  in  commercial  pursuits,  and  died, 
leaving  a  son,  who  was  the  President  of  the  Council 
of  New- Jersey,  and  a  very  distinguished  man.     His 


COLONEL  JOHN  STEVENS. 


son  John,  bora  at  Perth  Amboy  in  1749,  is  the  subject 
of  this  sketch.  While  his  father  was  President  of  the 
Council,  John  (afterward  known  as  Colonel  John  of 
Hoboken)  was  Treasurer  of  the  State.  During  the 
war  of  the  Revolution,  he  served  in  a  variety  of  civil 
and  military  capacities,  and  after  the  war,  that  is,  in 
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1787,  he  purchased  the  Hoboken  estate,  being  at  the 
same  time  the  owner  of  other  large  properties  in  the 
State  of  New- Jersey.  Prior  to  1804,  he  had  so  far 
mastered  the  theory  and  practice  of  the  steam-engine, 
by  careful  study  and  extended  experiments,  that  in  that 
year  he  succeeded  in  driving  a  small  boat  with  two 
propellers  or  sculls  attached  to  the  tubular  boiler  and 
small  engine  now  in  the  Stevens  Institute,  Hoboken. 
In  1806,  he  applied  his  devices  to  a  pirogue  fifty  feet 
long,  "  with  which  he  attained  a  very  considerable 
speed."  Next  followed  the  Phoenix,  which  made  a 
successful  trip  to  Albany  in  August,  1807,  being  thus 
only  a  few  days  behind  Fulton's  Clermont. 

Our  engraving  is  from  a  bust  at  the  Stevens  Insti- 
tute. For  a  more  complete  account  of  these  steam- 
boats, as  well  as  Colonel  Stevens's  proposed  high 
bridge  across  the  Hudson  River  from  Hoboken  to 
New- York,  the  proposed  railway  from  Lake  Erie  to 
Albany,  February,  1812,  (before  such  a  thing  as  a  rail- 
road was  known,)  his  actual  survey  for  a  railroad  be- 
tween Philadelphia  and  New- York,  and  very  many 
other  inventions  and  suggestions  made  by  this  re- 
markable man,  see  lecture  delivered  by  Charles  King, 
President  of  Columbia  College,  New- York,  before  the 
Mechanics'  Society,  2$th  December,  1851.  Colonel 
John  Stevens  died  at  Hoboken  in  1838,  bequeathing 
his  genius  and  his  property  to  sons  who  may  be  said 
to  have  successfully  carried  out  their  father's  ideas. 


Furniture  Oil. — Take  linseed-oil,  put  it  into  a 
glazed  pipkin,  with  as  much  alkanet  root  as  it  will 
cover.  Let  it  boil  gently,  and  it  will  become  of  a 
strong  red  color  ;  when  cool,  it  will  be  fit  for  use. 
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WEIGHTS  AND  SPECIFIC  GEAVITIES  OF 
VARIOUS  SUBSTANCES. 
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.913 

.560 

.668 

.852 

.675 

2.72 

13.596 

1.7 

1.2 

1.217 

.988 

.85 

.779 

.872 

.777 

.934 

1.068 

1.260 

.94 

.915 

.923 

2.423 

1.978 

.590 

.554 

.461 

.660 

1.15 

21.531 

2.267 

2.13 

2.75 

1.88 

1.52 

1.61 

.96 
10.474 

2.&S 

1.84 

.94 

1.01 

.806 
1.83 
7.29 
1.000 
1.027 
7.31 
7. 

114. 

34. 
708.5 
711.6 

83. 

35. 

53. 
198.75 

57.06 

35. 

42. 

53. 

42. 
170. 
848.75 
106. 

75. 

75. 

62. 

53. 

49. 

54.5 

48. 

58. 

66.75 

78.75 

58. 

57. 

58. 
151. 
123. 

37. 

34.62 

28.81 

41.25 

69. 
1343.9 
140. 
133. 
171. 
117. 

95. 
100. 

60. 
653.8 
180. 

115. 

59. 

63. 

50. 
113.50 

45.51 

62.425 

64. 

456.32 
437. 

.065 

^019 

.408 

Antimony,  cast 

.41 

.048 

.02 

.03 

Basalt 

Bell-metal 

Manogany,  Honduras. 

"          Nassau ... 

"           Spanish .. 
Maple 

.02 

Birch < 

.024 

.031 

Box 

.025 

.098 

.489 

Brick,  common  J  fr0™ 
Cedar,  American 

Mortar,  average 

.061 

Nitric  acid 

.044 

.035 

"       West- Indian.. 

"       Indian 

Cement,  Portland 

"          Roman 

Chalk 

"     American,  red.. . 
"           "     white,c!ry 

"     Canadian 

"     Eng'h,white,  dry 
"         "           "  green 

"    live,  seasoned 

"      "     green 

.03 
.028 

.028 
.034 

Chestnut 

Clay 

.034 

.033 

Coke 

.033 

Concrete,  ordinary 

"         in  cement... 
Cork 

Oolite,  Portland  stone 
"       Bath  stone 

.087 
.072 
.022 

"     white,  dry 

"     yellow,  dry 

Deal,  Norway 

Earth {*™ 

Pitch 

.041 

Platinum,  average 

.775 
.082 

Elm.. 

Salt 

.099 

Ether 

.067 

.054 

.058 

.034 

"     common  green.. 
"     plate 

.377 

Slate  

.104 

Gold 

Sulphuric  acid 

Tallow 

.066 

Gun  metal[10cop.,ltin] 

.034 

Tar                

.036 

.028 

.065 

Hydrochloric  acid 

.262 

Iron,  cast,  average 

"      wrought,  average 

Water,  distilled,  39°... 

White  metal  (Babbitt) 
Zinc,  cast 

.036 
.037 
.263 

India-ruhber 

.252 

A  cubic  foot  of  air  weighs  527.04  Troy  grains.    Its  gravity  1  is  the  unit  of  specific  gravity 
for  elastic  fluids. 

Spec.  Grav.  I  Spec.  Grav. 

Air34° , 1.        Hydrogen „. 07 

Carbonic  Acid . ......... .,.».., , 1.52    Coal  Gas 5 


238 


SCIENCE   KECOKD. 


THE    BRITISH    PATENT- OFFICE. 

The  British  Patent-Office,  of  which  we  present  an 
exterior  sketch,  is  situated  in  Southampton  Buildings, 
Chancery  Lane,  London.  Our  engraving,  however, 
scarcely  gives  a  correct  idea  of  the  size  of  the  build- 
ing, as  the  frontage  is  comparatively  small.  It  is  the 
office  at  which  all  matters  connected  with  the  obtain- 
ing of  patents  are  transacted.  There  is  also  a  Patent 
Museum  at  Kensington,  adjoining  the  Kensington 
Museum. 


BRITISH  PATENT-OFFICE. 


The  British  Patent-Office  can  not  be  said  to  have  an 
imposing  appearance,  nor  is  it  a  building  befitting  a 
country  such  as  Great  Britain,  considering  its  object. 
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It  has  been  considerably  improved,  however,  during 
the  last  few  years  by  the  addition  of  a  new  library, 
which  was  greatly  needed,  in  lieu  of  the  labyrinthine 
passages  hitherto  dignified  with  that  name. 

The  front  rooms  are  used  as  offices,  where  all  appli- 
cations for  patents  are  entered,  notices  and  seals  paid, 
specifications  filed,  and  deeds  registered.  The  de- 
partment for  the  sale  of  specifications  is  situated  in 
the  interior  of  the  building,  where  printed  copies  of 
all  specifications,  abridgments,  and  other  publica- 
tions of  the  Commissioners  of  Patents  may  be 
bought. 

The  library  is  situated  on  the  second  floor,  and, 
although  comparatively  small,  is  thought  to  be  very 
handsome.  The  visitor  having  signed  his  name  in  a 
visitor's  book  kept  for  the  purpose,  information  is 
readily  given  without  charge  by  the  staff  of  libra- 
rians and  attendants,  who  afford  every  facility  to 
inquirers.  In  this  library  are  contained  printed 
copies  of  all  specifications  of  patents  filed  for  the  last 
two  hundred  years,  and  also  the  American  patent 
reports,  the  Scientific  American,  and  official  lists  of 
foreign  patents.  The  library  is  regularly  supplied 
with  all  the  leading  engineering,  building,  railway, 
and  scientific  journals  and  periodicals,  both  British 
and  foreign,  transactions  of  learned  societies,  and 
text-books  in  the  various  departments  of  science  and 
art.  A  collection  of  portraits  of  celebrated  inventors 
and  men  of  science  has  been  made,  which  are  hung  in 
the  passages  leading  into  and  out  of  the  library  and 
in  the  various  rooms  in  connection  therewith.  They 
comprise  life-size  portraits,  photographs,  engravings, 
etc.,  to  the  number  of  about  one  hundred  and  fifty. 

The  Patent-Office  Museum  at  South-Kensington  is 
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a  mere  shed,  so  to  speak,  containing  a  heterogeneous 
collection  of  models  of  different  inventions,  which 
have  been  purchased  or  presented  to  the  commis- 
sioners. Every  inch  of  available  space  is  occupied, 
and  the  museum  is  so  filled  as  to  make  locomotion 
difficult  even  when  few  visitors  are  present.  Besides 
the  models,  the  museum  contains  printed  copies  of  all 
specifications  filed,  the  drawings  of  which  are  mounted 
and  bound  separately  in  volumes  of  large  dimensions, 
thereby  avoiding  the  necessity  of  folding  and  unfold- 
ing the  drawings,  which  is  a  capital  plan  for  the  pur- 
poses of  reference. 

PROCEEDINGS     TO     OBTAIN     BRITISH     PATENTS. 

The  proceedings  in  obtaining  a  British  patent  are 
as  follows : 

A  declaration  is  first  prepared,  setting  forth — the 
title  of  the  invention  ;  that  the  applicant  believes  the 
invention  will  be  of  great  public  utility ;  that  he  is 
the  true  and  first  inventor,  (or  that  the  invention  has 
been  communicated  to  him  from  abroad,  as  the  case 
may  be,)  and  that  the  invention  is  not  in  use  by  any 
other  person,  etc.  This  document  must  be  signed  by 
the  applicant  and  declared  before  a  proper  authority. 
The  application  is  made  by  a  petition  to  the  queen, 
setting  forth  the  various  particulars  contained  in  the 
declaration,  and  praying  that  letters-patent  may  be 
granted  for  the  said  invention.  This  petition,  to- 
gether with  a  copy  of  the  provisional  specification 
hereinafter  mentioned,  is  referred  by  her  majesty 
either  to  her  attorney  or  solicitor-general,  to  consider 
the  applicant's  request. 

The  petition  and  declaration  are  set  forms,  and 
they  must  be  accompanied  by  a  statement  in  writ- 
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ing,  called  a  provisional  specification,  signed  by  or  on 
behalf  of  the  applicant,  describing  the  nature  of  the 
invention  and  the  means  employed  in  carrying  it  into 
effect.  The  document  must  be  prepared  in  duplicate, 
and  must  be  accompanied  by  an  abstract  of  the  same, 
also  in  duplicate,  briefly  describing  the  chief  feature 
of  the  invention. 

The  above  constitutes  the  papers  required  to  apply 
for  provisional  protection. 

If  complete  protection  in  the  first  instance  be 
applied  for,  a  full  and  complete  specification  en- 
grossed on  parchment,  with  a  duplicate  copy  of  the 
same,  must  be  substituted.  This  specification  must 
particularly  describe  and  ascertain  the  nature  of  the 
invention  and  the  manner  of  performing  the  same, 
and  is  generally  accompanied  by  drawings  in  dupli- 
cate, if  the  subject  admits  of  such.  This  course  is, 
however,  open  to  objection  in  some  cases ;  as,  for 
example,  it  precludes  the  patentee  from  subsequently 
obtaining  a  valid  patent  in  France  and  some  other 
continental  states,  the  specification  being  made 
public  directly  it  is  filed. 

Moreover,  when  a  complete  specification  is  filed  in 
the  first  instance,  the  applicant  is  debarred'  from 
making  any  additions  or  amendments  which  may 
arise  during  the  term  of  protection.  In  three  days 
from  the  day  of  deposit,  a  certificate  is  issued,  record- 
ing the  number  and  date  of  the  application. 

The  application  for  provisional  protection  having 
been  approved  by  the  law  officer  to  whom  it  was 
referred,  (who.  may  insist  upon  the  specification  being 
altered  as  he  thinks  fit,)  a  certificate  of  his  allowance 
of  the  same  is  filed  by  his  clerk  at  the  Patent-Office, 
and  a  copy  given  to  the  applicant. 
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Notice  to  proceed  may  then  be  given,  or  this  may 
be  deferred  until  any  period  within  about  four 
months  from  the  date  of  application.  It  is,  however, 
better  to  do  this  at  once,  as  the  stage  at  which  oppo 
sition  can  be  entered  to  the  grant  of  letters-patent  is, 
sooner  passed,  and  the  chance  of  the  applicant  being 
anticipated  at  the  seal  is  lessened.  The  notice  is 
given  by  means  of  a  form  signed  by  the  inventor  or 
his  agent,  and  stating  his  intention  to  proceed  to 
complete  his  application  for  letters-patent.  This 
notice  is  then  duly  advertised  in  the  London  Gazette, 
and  during  the  term  of  three  weeks  from  the  date  of 
such  publication,  it  is  open  to  any  person  to  enter  an 
opposition  to  the  grant  of  the  patent.  At  the  expira- 
tion of  this  term,  the  specification  (and  particulars  of 
objection,  if  any)  is  again  referred  to  the  law  officer, 
who  considers  the  objections,  hears  the  arguments  on 
both  sides,  and  decides  to  allow  or  refuse  the  grant. 
The  applicant  must  then  request  that  the  warrant 
and  letters-patent  be  prepared.  The  first  is  prepared 
by  the  law  officer ;  and  the  letters-patent,  according  to 
the  tenor  of  the  warrant,  are  prepared  in  the  Patent- 
Office,  which  letters-patent  are  sealed  by  the  lord 
chancellor  with  the  great  seal  of  the  United  King- 
dom. The  patent  having  been  sealed,  there  only 
remains  to  file  the  final  specification,  (supposing  that  a 
complete  specification  was  not  filed  in  the  first  in- 
stance.) which  is  prepared  as  before  mentioned  for  the 
complete  specification,  and  must  be  filed  within  six 
calendar  months  from  the  day  of  application. 

The  letters-patent  contain  a  clause  requiring  their 
production  before  the  expiration  of  three  and  seven 
years  for  the  payment  of  the  fifty  pound  and  one 
hundred  pound  stamp  duties  respectively,  the  patent 
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right  lapsing  absolutely  on  neglect  to  comply  with 
these  conditions.  These  duties  are  paid  at  Somerset 
House,  where  the  patent  must  be  produced  to  be  im- 
pressed with  a  stamp  of  the  proper  value,  after  which 
the  patent  is  produced  at  the  Patent- Office  to  be  duly 

registered. 

■ ^♦-» 

PENDULUM    EXPERIMENTS    FOR    DETER- 
MINING THE  GRAVITY  OF  THE  EARTH. 

A  series  of  experiments  are  about  to  be  made  in 
the  Mont  Cenis  Tunnel  by  Father  Secchi,  M.  Dia- 
millar-Muller,  and  M.  R.  P.  Deuza.  They  will  be 
made  first  in  a  lateral  chamber  about  the  centre  of 
the  tunnel,  and  will  be  afterward  repeated  at  the  cor- 
responding vertical  point  on  the  mountain,  the  dif- 
ference of  level  being  about  one  mile.  In  addition 
to  these  observations,  they  propose  to  determine  the 
earth's  magnetism,  and  the  temperature  of  the  strata 
to  which  they  can  obtain  access.  By  preliminary 
observations,  they  have  ascertained  that  the  movement 
of  the  trains  will  not  to  any  serious  extent  interfere 
with  the  precision  of  the  observations.  Telegraphic 
wires  will  be  laid  down  for  the  purpose  of  chronogra- 
phic  registration,  and  the  observing  chamber  will  be 
ventilated  by  special  air-conduits. 


To   PREVENT  THE  SPLITTING    OF   LOGS  AND  PLANKS. 

Logs  and  planks  split  at  the  ends  because  the  exposed 
surface  dries  faster  than  the  inside.  Saturate  muri- 
atic acid  with  lime,  and  apply  like  whitewash  to  the 
the  ends.  The  chloride  of  calcium  formed  attracts 
moisture  from  the  air,  and  prevents  the  splitting. 
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ELASTIC  WASHERS. 
The  "Wharton  Railroad  Switch  Company,  of  Phila- 
delphia, among  other  very  useful  devices  for  railway 
purposes,  are  manufacturing  Billings's  elastic  steel 
washer,  which  is  found  to  answer  admirably  for  retain- 
ing the  nuts  on  the  bolts  used  for  fish-plates.  This 
washer  is  made  of  tempered  spring  steel,  -J  inch  thick, 
of  the  form  presented  in  Figure  1. 

When  in  use  and  slightly  compressed 
by  screwing  up  the  nut,  the  washer 
has  a   certain    amount  of  elasticity, 
Fig.  1.  that  prevents  any  considerable  jarring 

of  the  bolt,  or  any  sudden  shock,  by  which  the  head 
of  the  bolt  may  be  torn  off,  or  the  bolt  elongated,  as 
is  often  seen  on  roads  where  no  provision  is  made  for 
the  effects  of  rapid  changes  of  temperature,  or  the 
continuous  hard  blows  of  the  heavy  driving-wheels. 
The  nut,  likewise,  by  this  constant  elastic  pressure  or 
grip,  is  prevented  from  turning  or  getting  loose.  The 
manner  in  which  these  washers  act  to  retain  the  nut 
will  be  evident  upon  reference  to  Figure  2. 


Fig.  3. 

plates  in  position. 


Fig.  2. 

The  whole  arrangement  is  very  neat 
and  simple,  easily*  applied, and  when 
applied,  fulfills  every  condition  of 
stability  and  permanence.  Figure  3 
shows  a  vertical  section  of  the  rail 
end,  with  the  washer,  nut,  and  fish- 
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THE    ROPE    RAILWAY. 

One  of  the  earliest  of  the  modern  substitutes  for 
common  road-wagons,  in  the  transportation  of  bur- 
dens, was  the  rope-carrier,  consisting  of  an  endless  rope 
mounted  upon  posts,'  and  the  rope  set  in  motion  by 
power  applied  at  some  portion  of  the  line.  The 
weights  to  be  transported  are  suspended  from  the 
rope,  and  the  latter  runs  over  wheels  arranged  upon 
the  posts.  This  system  has  recently  received  new  im- 
petus by  the  discovery  of  improvements  in  the  con- 
struction which  have  rendered  its  use  more  practi- 
cable, and  within  the  past  year  many  miles  of  it  have 
been  put  in  operation,  Mr.  Charles  Hodgson,  of 
London,  England,  is  the  inventor  of  valuable  im- 
provements in  this  line,  and  they  form  the  subject  of 
our  illustrations. 


ROPE  RAILWAY. 


Fig.  1  shows  a  general  view  of  a  portion  of  a  line 
of  tramway,  including  two  of  the  supports,  which 
may,  of  course,  be  made  of  iron,  if  preferred.  Two 
packages  are  also  shown,  one  traversing  the  up-line 
and  the  other  the  down-line  of  the  tramway.  These 
packages  are  simply  placed  anywhere  upon  the  mov- 
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ing  wire  rope,  and  carried  to  their  destination.  The 
simplicity  of  this  operation  will  be  more  clearly  un- 
derstood upon  referring  to  Figures  2  and  3,  which 
give  a  sectional  view  and  elevation  respectively  of  the 
carrier.  It  will  be  seen  that  the  carrier  proper  consists 
simply  of  a  piece  of  hard  wood,  with  a  longitudinal 
groove  cut  in  the  under  side  to  "  take  into"  the  rope. 
As  this  groove  encircles  barely  half  the  upper  circum- 
ference of  the  rope,  and  as  the  pulleys  on  the  stan- 
dards supporting  the  rope  inclose  less  than  half  the 
under  side,  the  carriage  when  passing  over  a  pulley  does 
not  touch  it.  This,  we  consider,  is  one  of  the  chief 
merits  of  the  invention,  as  no  elaborate  machinery 
for  clearing  the  stationary  pulleys  is  required;  but 
the  block  or  saddle  simply  rides  over  the  top,  with- 
out touching  any  thing.  It  might  be  thought  that 
these  saddles  would  be  apt  to  slip  on  the  rope,  but  it 
has  been  found  that  the  friction  is  amply  sufficient,  even 
for  very  steep  gradients.  In  order  to  provide  against 
the  chance  of  slipping  on  one  side  when  passing  over 
the  pulleys,  the  saddles  have  a  wrought-iron  check 
fitted  on  each  side,  one  of  which  would  bear  against 
the  pulley  should  the  saddle  be  thrown  out  of  its  di- 
rection. 

The  packages  are  carried  by 
a  bent  arm,  shown  (broken  off) 
in  Figures  2  and  3,  attached  to 
the  saddle,  and  brought  down 
sto  any  convenient  length.  By 
making  a  second  bend  in  these 
arms,  so  as  to  return  the  hook 
exactly  vertically  with  the  rope,  the  load  is  main- 
tained in  perfect  equilibrium,,  and  at  the  same  time 
clears  the  pulleys.     When  used  for  carrying  sugar- 
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canes,  or  similar  articles,  they  are  forked,  and  formed 
at  their  lower  end  into  a  semicircular  shape,  upon 
which  the  canes  are  placed  and  carried  to  their  des- 
tination. 

The  arrangement  for  each  terminus  is  shown  in 
Figures  4  and  5,  and  is  very  ingenious.  The  wire  rope 
is  carried  round  a  large  horizontal  or  nearly  horizon- 
tal Y  sheave,  which  is  driven  by  bevel  gearing  and 
strap  pulleys  from  an  engine  in  the  usual  manner. 
When  the  goods  arrive  at  the  terminus,  the  two 
small  grooved  wheels  attached  to  the  saddle,  and 
shown  in  Figures  2  and  3,  are  brought  on  to  a  semi- 
circular race,  and  as  the  wire  rope  descends  by  the 
inclination  of  the  large  V  sheave,  it  leaves  the 
saddle,  and  the  weight  of  the  goods  is  carried  by 
these  rollers.     The  impetus  of  the  package  causes  it 

to  be  carried  round  on 
these  rollers,  to  the  other 
end  of  the  semicircular 
portion  of  the  race, 
where  they  are  removed. 
This  being  done,  fresh 
goods  may  be  loaded  on 
the  carrier,  or  the  car- 
rier may  be  forwarded 
Flg'  4'  empty,  by  simply  push- 

ing it  to  the  end  of  the  straight  portion  of  the  race, 
when  the  saddle  falls  into  its  place  on  the  wire  rope, 
and  is  forthwith  conveyed  back  to  the  other  terminus. 
The  rope  is  thus  never  required  to  stop,  the  delivery 
of  the  packages  being  continuous. 

The  amount  of  force  required  for  pushing  the 
packages  along  the  straight  portion  of  the  race  is  very 
slight,  and  it  may  easily  be   done   by  a  boy.     The 
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posts  for  supporting  the  wire  are  ordinarily  placed 
about  300  feet  apart,  but  where  the  nature  of  the 
country  necessitates  a  longer  span,  a  distance  of  about 

1000  feet  is  often  em- 
ployed. The  boxes  or 
packages  are  made  to 
carry  from  one  to  ten 
hundred- weight,  accord- 
ing to  the  strength  of 
the  rope,  and  the  deli- 
very is  at  the  rate  of 
Fig-  5'  about  200  per  hour  for 

the  entire  distance.  As  curves  even  of  a  small  ra- 
dius are  easily  passed,  it  is  not  necessary  that  the 
rope  should  be  carried  in  a  straight  line.  It  has  been 
found  that  inclines  of  one  in  seven  are  admissible 
on  this  system,  the  friction  between  the  saddle  and 
the  rope  being  sufficiently  great  to  prevent  slipping. 

From  the  above  description  it  will  be  seen  that  this 
system  possesses  great  advantages  for  the  carriage  of 
goods  in  hilly  or  otherwise  difficult  countries.  Thus 
no  bridges  are  required  for  crossing  ravines  or  rivers, 
and  no  cuttings  or  embankments  are  necessary  on 
hilly  ground ;  moreover,  the  amount  of  land  actually 
occupied  is  very  trifling,  a  post  every  300  feet  being 
all  that  is  required,  excepting  at  the  stations. 
Another  advantage  may  be  mentioned,  namely,  that 
when  passing  over  undulated  land  the  extra  power 
required  for  causing  the  loads  to  ascend  an  incline  is 
obtained  by  the  gravity  of  the  descending  loads  upon 
other  portions  of  the  line,  and  thus  as  the  loads  as- 
cend and  descend  they  actually  assist  each  other's  pas- 

A   rope  tramway  analogous  to  the  foregoing  has 
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been  constructed  by  Mr.  Greorge  W.  Cypher,  of  Lam- 
bertviile,  ~N.  J.,  for  the  Brown  Silver  Mining  Com- 
pany of  Colorado,  where  it  is  now  in  successful  opera- 
tion. 

Mr.  Julius  Herrman  Miiller,  of  Vienna,  Austria,  is 
also  the  inventor  of  valuable  improvements  in  these 
rope  tramways,  for  which  he  has  lately  secured  pa- 
tents in  this  country. 


THE  JSTEW  POST-OFFICE  AT  JSTEW-YORK. 

Of  the  various  governmental  edifices  erected  within 
the  past  few  years,  the  new  post-office  at  New- York 
promises  to  be  one  of  the  most  elegant  and  substan- 
tial. It  occupies  a  central,  commanding  position,  at 
the  junction  of  the  two  greatest  thoroughfares  of  the 
city,  Broadway  and  Park  Row,  the  latter  street  being 
in  reality  the  southern  terminus  of  the  Bowery.  The 
new  post-office  is  of  triangular  form,  stands  upon  the 
lower  end  of  the  City  Hall  park ;  the  north  part  of 
the  new  building,  290  feet  long,  faces  the  City  Hall ; 
the  west  side,  340  feet  long,  fronts  on  Broadway ;  the 
east  side,  320  feet  long,  fronts  on  Park  Row.  A.  B. 
Mullett,  Esq.,  supervising  government  architect,  fur- 
nishes the  plans.  This  gentleman  is  one  of  the  most 
talented  and  efficient  members  of  the  profession.  The 
vigorous  and  excellent  manner  in  which  the  work  upon 
this,  and  other  public  buildings  under  his  charge,  is 
being  carried  on,  reflects  the  highest  credit  upon  his 
abilities. 

The  new  post-office  is  built,  with  some  modifications, 
in  the  style  of  the  classical  Italian  Renaissance,  with 
French  roof.     Three  stories,  in  different  styles  of  the 
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Doric  order,  are  placed  one  above  another,  the  orna- 
mentation increasing  in  richness  toward  the  top  of 
the  building. 

Stone,  iron,  and  brick  are  the  materials  used ;  the 
exterior  is  of  granite.  One  hundred  and  fifty-nine 
iron  columns  are  placed  in  the  basement,  and  one 
hundred  and  seventeen  to  support  the  partition  walls 
and  floors.  The  foundations  are  of  granite  and  con- 
crete, and  are  of  the  most  substantial  character.  The 
floors  will  be  of  brick  and  iron,  the  stairs  are  to  be  of 
stone  and  iron,  the  roof  of  iron,  covered  with  slate  and 
copper.  The  building  is  to  be  heated  by  four  large 
low-pressure  steam  boilers. 

The  roofs  of  the  corridor  pavilions  rise  107  feet 
above  the  sidewalk.  The  foundation  of  concrete  is 
laid  35  feet  below  the  sidewalk ;  the  cellar  is  a  little 
more  than  7  feet  in  the  clear,  the  basement  16  feet, 
the  public  corridor  14  feet,  and  the  mezzanine,  or  gal- 
lery above,  nearly  the  same.  The  outer  circuit  of 
the  building  will  be  over  one  fifth  of  a  mile. 

The  sub-basement  and  basement  extend  under  the 
entire  building,  central  court,  and  sidewalks.  The 
former  is  lighted  and  ventilated  through  ample  areas 
under  the  sidewalks  and  court,  and  will  be  used  for 
the  reception  of  fuel,  heating-apparatus,  boiler,  and 
steam-engine.  The  post-office  proper  will  occupy  the 
basement  and  principal  story.  The  latter  includes 
the  whole  space  of  the  building,  including  the  court. 
The  court  will  be  roofed  with  glass.  The  walls  and 
partitions  above  this  story  rest  on  iron  columns,  leav- 
ing the  whole  space  on  the  lower  floor  open  for  light 
and  free  communication. 

A  broad  corridor  will  extend  about  the  lower  floor 
on  the  south-west,  reaching  to  and  including  the  cen- 
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tral  pavilions.  It  will  surround  a  box  and  delivery 
screen. 

This  corridor  will  be  only  one  half  story  high. 
Above  it  the  remainder  of  the  story  will  be  formed 
into  a  gallery  looking  inward  to  the  delivery  rooms. 

Corridors  encircle  the  building  in  each  of  the  upper 
stories,  bounded  on  the  exterior  and  interior  by  rooms 
lighted  from  the  street  and  central  court. 

The  rooms  of  the  postmaster,  deputy  postmaster, 
and  cashier,  will  be  over  the  principal  entrance  at  the 
south-west.  The  park-front  rooms  will  be  occupied  by 
the  United  States  courts.  Three  court-rooms  will  be 
provided,  two  of  which  will  be  the  height  of  two 
stories.  Adjoining  these  rooms,  will  be  special  apart- 
ments for  the  judges.  The  remainder  of  the  second 
and  third  stories  will  be  occupied  by  offices  for  United 
States  marshals  and  other  officers,  United  States 
attorneys,  clerks,  and  other  officers  connected  with  the 
courts ;  and  the  jury-rooms  will  be  in  the  third  story. 

The  basement  is  an  immense  room  the  entire  area 
of  the  building,  without  a  single  wall,  the  floor  above 
being  supported  by  iron  columns  and  girders.  At  the 
north  end  of  this  basement,  and  under  the  roadway 
at  the  rear  of  the  building,  is  a  room  three  hundred 
and  twenty  feet  long  by  thirty  feet  wide,  which  is 
intended  for  the  reception  and  assorting  of  newspaper 
mail  matter.  The  mail  or  express  wagons  bringing 
the  newspaper  bags  from  the  various  offices  will  drive 
up  to  the  rear  of  the  building  and  discharge  their 
loads  upon  elevators,  of  which  there  are  ten,  which 
will  lower  the  bags  to  the  basement,  where  the  matter 
will  be  distributed,  and  then  the  mail-bags  will  be  sent 
up,  by  means  of  the  elevators,  to  the  mail-wagons 
and  sent  to  their  destination.     The  entire  basement 
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will  be  used  for  packing  and  unpacking  of  mail  matter, 
while  the  first  floor  will  be  devoted  to  the  purposes  of 
distribution,  etc.  In  this  way  the  post-office  depart- 
ment will  occupy  only  the  basement  and  first  floors  of 
the  new  building.  Mr.  Hulberd  is  the  superintendent 
of  the  work.     . 

The  granite  comes  from  Dix  Island,  Maine.  The 
sub-basement  and  foundations  have  been  constructed 
with  special  reference  to  a  communication  with  the 
Broadway  Underground  Railway,  the  arrangement 
being  such  that  the  postal  cars  may  run  directly  to 
the  post-office,  and  there  land  and  receive  the  mails. 

We  present  a  view  of  the  building  as  it  will  appear 
when  completed. 


THE   UNDERGROUND   RAILWAY  IN 
NEW-YORK. 

Among  the  many  remarkable  objects  to  be  seen  in 
the  city  of  New- York,  few  are  more  interesting  than 
the  works  of  the  Broadway  Underground  Railway,  at 
the  corner  of  Warren  street  and  Broadway,  just  north 
of  the  new  post-office.  Here,  constructed  under  the 
centre  of  Broadway,  we  find  a  working  section  of  a 
passenger  railway,  the  car  being  operated  by  atmo- 
spheric pressure,  or  what  is  commonly  known  as  the 
pneumatic  system. 

The  tunnel,  which  is  nine  feet  four  inches  external 
diameter,  extends  from  the  corner  of  Warren  street, 
down  Broadway  to  a  little  below  Murray  street,  a  dis- 
tance of  a  few  hundred  feet.  At  this  point  a  lateral 
tunnel  extends  eastwardly,  perhaps  another  hundred 
feet,  into  the  grass  plot  of  the  City  Hall  park,  termi- 
nating in  an  open  well,  protected  by  a  grating. 


VIEW  OX  BROADWAY,   NEW-YORK. 


NEW     POST-OFFICE 

AND    PROPOSED 

BROADWAY    UNDERGROUND    RAILWAY, 
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Within  the  building  occupied  by  the  company  is  a 
gigantic  blowing-machine  operated  by  steam,  by  which 
an  enormous  volume  of  air  is  alternately  sucked  and 
driven  with  considerable  force  through  the  tunnel ; 
this  air-current  acts  against  the  ends  of  the  passenger- 
car,  and  carries  it  back  and  forth,  through  the  tunnel, 
like  a  boat  before  the  wind,  much  to  the  satisfaction 
of  every  visitor.     The  car,  which  in  size  and  appear- 
ance resembles  an  ordinary  street  railway  car,  carries 
twenty-two  passengers.      This  pneumatic   car   runs 
quite  smoothly,  stopping  and  starting  very  gently, 
owing   to  the   elasticity  of  the  air.     One  may  ride 
here  for  miles,  under  Broadway,  with  entire  comfort, 
by  repeating  the  short  trips  made  each  way  by  the 
car.     The  wheels  of  the  car  strike  telegraphic  signals, 
by  which  the  air-current  is  alternately  reversed  as  the 
car  moves  from  one  end  of  the  tunnel  to  the  other. 
The  establishment  is  fitted  up  with  much  neatness, 
and  the  pneumatic  machinery  works  admirably.    Why 
is  not  the  road  extended,  and  this  excellent  system  of 
traveling,  without  smoke,  dust,  or  cinders,  extended 
all  over  ]STew-York  ?     This  inquiry  is  made  by  almost 
every  visitor. 

The  primary  reason  why  New- York,  the  third  city 
of  the  world,  is  without  rapid  local  means  of  transit, 
has  been  due  to  the  opposition  of  property-owners 
on  Broadway.  This  street,  the  principal  thorough- 
fare, forms  the  back-bone  of  the  city.  Toward  it 
the  ground  rises  from  the  water  on  both  sides. 
Broadway  is  high,  is  nearly  straight,  occupies  a 
central  position,  and  is  therefore  the  natural  line  for 
travel,  whether  above-ground  or  by  railway  under- 
ground. 

The  present  tunnel  was  built  to  illustrate  practically 
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the  feasibility  of  constructing  a  railway  under  Broad- 
way, without  disturbing  its  travel  or  the  adjacent 
buildings,  and  the  property-owners  are  now  pretty 
well  satisfied  on  this  point.  The  bed  of  the  present 
working  section  is  below  the  foundations  of  some  of 
the  large  buildings,  and  the  success  of  its  construction 
is  conclusive.  It  will  not  be  long  before  New- York 
will  be  provided  with  underground  railways  in  all 
directions.  The  company  only  wait  the  necessary 
legislative  authority  to  proceed  with  the  enlargement 
and  extension  of  their  works. 

The  route  they  have  selected  is  from  the  southern 
extremity  of  the  city,  known  as  the  Battery,  north- 
wardly under  Broadway  to  Central  Park  and  Manhat- 
tan ville  on  the  west  side;  with  a  branch  under 
Fourth  avenue  to  Harlem  River  on  the  east  side. 
The  total  length  of  railway  will  be  about  thirteen 
miles,  and  the  estimated  cost  is  $1,500,000  per  mile. 
The  cars  are  to  be  operated  either  by  steam  locomo- 
tives or  by  the  atmospheric  plan,  as  the  engineers 
shall  determine.  Our  view  of  the  new  post-office  and 
proposed  Broadway  Underground  Railway  will  con- 
vey an  idea  of  the  nature  of  the  work. 

UNDERGROUND    TUNNELING-MACHINE. 

The  section  of  railway  which  we  have  just  de- 
scribed was  constructed  in  a  peculiar  manner,  wholly 
by  horizontal  boring  through  the  ground,  without 
disturbing  the  surface.  A  curious  circumstance  con- 
nected with  the  construction  is,  that  it  was  performed 
privately,  without  the  knowledge  of  the  public,  and 
with  the  whole  throng  of  Broadway  travel,  carts, 
omnibuses,  and  vehicles  of  all  descriptions,  moving  in 
endless  procession  just  over  the  heads  of  the  work- 
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UNDERGROUND  TUNNELING-MACHINE. 

men.  This  work  was  effected  by  means  of  a  novel 
boring-machine,  which  we  will  briefly  describe,  re- 
ferring to  onr  engraving,  which  is  taken  from  the 
apparatus  itself.     The   machine   consists  of  a  large 
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cylinder  open  at  both  ends,  the  front  end  sharpened 
so  as  to  cut  into  the  soil ;  the  rear  end  provided  with 
shelves,  as  shown  in  the  cut,  which  prevent  the  earth 
from  caving  in  from  the  front.  X  represents  the 
earth  through  which  the  machine  is  being  pushed. 
At  the  rear  of  the  machine,  placed  around  its  periphe- 
ry, is  a  series  of  powerful  hydraulic  rams  I,  eighteen 
in  number,  all  connected  with  the  box  of  a  single 
water-pump  A.  From  the  rear  of  the  machine  pro- 
jects a  band  of  sheet  steel  D,  two  feet  wide  and  one 
eighth  of  an  inch  thick,  termed  the  hood.  The  tun- 
nel is  constructed  within  this  hood  D,  in  wings  or 
sections.     The  total  length  of  the  machine  is  six  feet. 

The  operation  of  the  machine  is  as  follows  :  After 
a  ring  or  section  of  tunnel,  which  may  be  of  iron, 
stone,  or  brick,  has  been  built  up  within  the  hood  D, 
the  hydraulic  pump  is  operated,  which  causes  the 
rams  to  push  out  with  great  force  against  the  front 
end  of  the  already  constructed  tunnel,  thus  driving 
the  machine  ahead,  and  leaving  the  tunnel  in  the 
earth  behind.  As  the  machine  advances,  its  front 
edge  cuts  through  the  soil,  and  the  latter  presses 
through  between  the  shelves,  and  falls  upon  the 
bottom  of  the  machine,  where  it  is  removed  in 
barrows  and  cars.  As  soon  as  the  machine  has 
advanced  a  distance  equal  to  the  width  of  the  hood 
D,  its  movement  is  arrested,  and  a  new  section  of  the 
tunnel  is  built  up  within  the  hood.  The  machine  is 
then  pushed  ahead  again.  The  workmen  are  secure 
against  caving,  and  all  disturbance  of  the  street  above 
is  avoided. 

Where  tunneling  at  any  considerable  depth  below 
the  surface  of  the  ground  is  required,  the  use  of  this 
machine  saves  a  large  amount  of  labor.     It  can  be 
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readily  steered  in  any  direction,  on  curves  or  on  any 
grade,  by  simply  opening  or  closing  the  water-cocks 
B  of  the  hydraulic  rams,  and  thus  bringing  greater 
or  less  power  to  bear  upon  the  different  parts  of  the 
machine,  at  its  rear.  This  machine  is  the  design  of 
Mr.  A.  E.  Beach,  of  the  Scientific  American.  It  was 
first  put  in  operation,  on  a  smaller  scale,  under  Broad- 
way in  1868.  In  the  following  year,  a  machine  of 
analogous  character  was  used  in  London,  in  the  bor- 
ing of  the  tunnel  under  the  Thames  River,  known  as 
the  Tower  subway.  That  tunnel  is  about  seven  and  a 
half  feet  in  diameter,  and  was  bored  and  completed 
in  about  eight  months'  working  time. 

The  present  railway  section  under  Broadway  is  nine 
feet  four  inches  exterior  diameter,  and  a  portion  of  the 
line  is  built  on  a  curve  of  only  fifty  feet  radius.  ~No 
difficulty  was  experienced  in  turning  this  curve  with 
the  machine.  The  walls  of  this  curved  portion  of  the 
railway  are  composed  of  iron  plates,  of  peculiar  con- 
struction, designed  by  Mr.  Joseph  Dixon,  the  secre- 
tary of  the  company,  and  well  known  for  his  indefati- 
gable labors  as  a  promoter  of  rapid  transit  in  New- 
York 

THE    PNEUMATIC     POSTAL     DISPATCH. 

Small  tubes,  through  which  letters  are  sent  by  air- 
pressure,  known  as  pneumatic  tubes,  have  long  been 
employed  in  London,  and  at  the  present  moment 
several  miles'  length  of  such  tubes  are  worked.  They 
are  from  two  to  three  inches  diameter,  extend  from 
the  general  telegraph  office  to  various  business  centres, 
and  are  chiefly  used  to  send  and  collect  telegraph 
messages,  thus  saving  the  re-writing  of  the  messages 
over  the  wires.     In   order   to   send  letters  through 
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these  tubes,  they  are  placed  within  carriers  or  pistons, 
which  fit  the  tubes,  and  by  means  of  air-pressure  the 
carriers  are  driven  from  one  station  to  another,  at  a 
high  velocity. 

An  improvement  on  this  plan  is  to  enlarge  the  air- 
tubes  to  a  diameter  of  about  eight  inches,  and  to 
make  a  connection  between  these  tubes  and  the  street 
or  lamp-post  letter-boxes,  so  that  when  letters  are 
dropped  in,  they  will  fall  down  into  the  air-tubes.  A 
strong  suction  of  air  is  maintained  through  the  tubes, 
by  which  the  letters  are  swept  along,  as  fast  as 
dropped  in,  and  delivered  into  the  nearest  postal 
station.  By  this  system  of  pneumatic  postal  collec- 
tion and  delivery,  it  is  believed  that  the  postal  conve- 
niences of  large  cities  can  be  greatly  augmented. 

A  working  section  of  a  pneumatic  postal  dispatch 
on  this  improved  plan  has  been  set  up  on  the  premises 
of  the  Broadway  Underground  Railway,  and  attracts 
the  interest  of  all  visitors  by  its  successful  and  effec- 
tive operation.  The  air-tube  curves  about  the 
premises  in  various  directions  ;  letters  and  papers 
being  carried  through  by  the  air-current  at  a  velocity 
of  from  forty  to  sixty  miles  an  hour. 


THE  CEYSTALS  FOUND  IN  PLANTS. 

It  has  been  proven  by  the  microscopic  examina- 
tions of  distinguished  naturalists,  says  the  American 
Journal  of  Microscopy,  that  saline  substances  are 
spontaneously  crystallized  within  the  cells  of  plants, 
the  crystals  having  been  found  existing  in  infinite 
numbers  throughout  the  bark,  wood,  and  leaves  of  a 
great  variety  of  trees  and  shrubs, 
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Professor  Bailey,  of  West-Point,  first  called  atten- 
tion to  this  subject.  He  observed  the  crystals  in  the 
ashes  of  the  hickory;  afterwards  he  examined  the 
bark  previous  to  its  being  subjected  to  the  action  of 
fire. 

When  the  bark  of  the  hickory  is  illuminated  by  the 
rays  of  the  sun,  numerous  glittering  particles  are 
seen.  An  examination  proves  them  to  be  crystals ; 
for  when  thin  layers  of  bark  or  sections  of  wood  are 
viewed  by  a  microscope,  the  crystals  are  detected  im- 
bedded in  their  natural  position. 


Ficf.2, 


They  are,  however,  better  seen  by  scraping  the 
bark  upon  a  plate  of  glass,  upon  moistening  which 
with  the  breath,  the  crystals  are  made  to  adhere  to 
the  surface,  while  the  woody  particles  are  readily 
blown  of.  When  placed  under  a  microscope,  the 
glittering  atoms  then  appear  as  beautiful  transparent 
crystals  having  the  forms  shown  in  Figure  1. 

These  crystals  are  identical  in  every  particular  with 


260  SCIENCE   RECORD. 

the  polygonal  bodies  found  in  the  ashes  of  hickory. 
Professor  Bailey  examined  the  wood  and  bark  of  near- 
ly every  indigenous  and  foreign  tree,  and  with  the  same 
result.  Even  in  the  densest  woods,  such  as  mahogany 
and  lignum  vitse,  the  crystals  may  be  found  by  scrap- 
ing the  wood  into  a  watch-glass  filled  with  water, 
picking  out  the  woody  particles,  and  then  examining 
the  residue.  The  crystals  are  likewise  detached  in 
the  minute  particles  that  fall  from  worm-eaten  wood, 
sawdust,  and  in  the  finer  particles  of  ground  dye- 
woods.  This  shows  that  even  the  finely  ground  medi- 
cinal barks,  woods,  etc.,  used  by  the  pharmaceutist, 
may  be  examined  successfully  for  the  crystals  pe- 
culiar to  them. 

It  only  remains  for  scientific  men,  who  desire  to 
advance  the  interests  of  the  profession  of  medicine, 
to  examine  all  the  medicinal  vegetable  substances, 
and  ascertain  the  peculiar  crystals  belonging  to  each. 
Then,  if  these  crystals  are  delineated  and  appended 
to  oui  works  on  medical  botany,  pharmacology,  and 
even  to  dispensatories,  a  great  and  practical  advance 
in  oar  knowledge  of  the  purity  of  drugs  would  re- 
sult. 

When  thin  layers  of  the  bark  of  the  poplar  are 
moistened  and  examined  by  the  microscope,  the  ar- 
rangement of  crystals  appears  like  an  elegant  piece 
of  mosaic  work  ;  the  crystals  in  the  cells  of  the  bark 
being  either  simple  or  compound,  as  shown  in  Fig.  2. 

If  we  wish,  for  example,  to  satisfy  ourselves 
whether  a  given 'specimen  of  pulverized  Peruvian 
bark  is  adulterated  or  not,  we  first  examine  a  thin 
layer  of  the  perfect  bark  by  the  microscope,  and  as- 
certain the  exact  appearance  of  the  crystals  therein. 
Then  we  place  some  of  the  finely  ground  bark  under 
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the  instrument,  and  see  if  the  crystals,  or  all  of  them, 
have  the  same  appearance.  If  the  crystals  in  the 
pulverized  bark  be  identical  with  those  in  the  perfect 
specimen,  we  may  decide  the  former  to  be  genuine. 
If  other  crystals  be  found,  the  testimony  is  strongly 
in  favor  of  adulteration. 

This  test,  together  with  another,  which  consists  in 
the  identification  of  the  ultimate  structure  of  the 
wood  or  bark,  will  enable  us  at  all  times  to  avoid  im- 
position and  the  use  of  worthless  drugs. 


ON    THE    DRILLING    OF    ARTESIAN    AND 
OIL-WELLS. 

The  discovery  of  petroleum  in  quantities  in  Wes- 
tern Pennsylvania,  West- Virginia,  Ohio,  Canada,  and 
other  localities,  has  given  a  great  development  to  the 
art  of  well-boring  in  the  United  States.  The  cum- 
brous pole  tools  have  been  rejected,  and  the  cable, 
upon  the  ancient  Chinese  system,  substituted. 

The  great  advance  has  been  in  the  construction  of 
the  tools,  and  in  the  adoption  of  simple  apparatus  for 
giving  motion  to  the  drill  by  means  of  steam  power. 
For  prospecting  and  for  sinking  to  moderate  depths  of 
fifty  to  one  hundred  and  fifty  feet,  the  spring  pole, 
worked  by  hand,  is  frequently  employed.  This  was 
the  apparatus  chiefly  used  in  California  a  few  years 
since,  when  the  oil  regions  were  prospected. 

The  constructions  in  common  use  in  Pennsylvania 
at  the  oil-wells,  and  used  for  a  time  during  the  oil  ex- 
citement in  California,  consist  of  a  derrick,  bull-wheel, 
band- wheel,  sansom-post,  and  walking-beam,  and  a 
portable  steam-engine.     The  descriptions  and  dimen- 


262  SCIENCE   RECORD. 

sions  given  below  represent  the  average  as  determined 
by  experience. 

The  derricks  are  usually  constructed  of  plank  and 
boards,  when  they  can  be  obtained,  or  of  unhewn 
poles.  They  rise  to  a  height  of  50  or  60  feet,  and 
taper  upward  from  a  base  about  15  feet  square.  The 
standards  are  of  two-inch  plank,  8  inches  wdde,  and 
the  cross  braces  8  inches  wide,  and  1  inch  thick, 
The  tools  are  suspended  by  the  cable,  which,  passing 
over  the  pulley  at  the  top,  descends  at  the  side,  and  is 
wound  upon  the  drum  of  the  bull-wheel,  the  shaft  of 
which  rests  on  bearings  in  the  standards.  The  drum 
of  the  bull- wheel  is  about  10  inches  in  diametei. 

The  walking-beam,  of  wood,  26  feet  long;  is  sup- 
ported at  the  centre,  upon  the  top  of  the  sansom-post. 
One  end  is  connected,  by  a  pitmanr  with  a  crank  of  22 
inches  radius  upon  the  end  of  a  shaft  receiving  mo- 
tion by  a  belt  from  the  engine ;  the  other  end,  pro- 
jecting within  the  derrick,  and  directly  over  the  well, 
carries  suspended  the  temper-screw,  to  which  is  at- 
tached a  clamp  for  seizing  upon  the  rope.  The  rota- 
tion of  the  crank-shaft  gives  a  reciprocating  motion 
to  the  end  of  the  beam,  and  this  is  imparted  to  the 
rope  carrying  the  tools  at  its  lower  end. 

The  form  of  the  temper-screw  is  shown  by  the 
figure.  By  this,  the  drill  may  be  lowered  or  "  fed 
out"  to  a  certain  extent  during  the  progress  of  bor- 
ing. The  rope  is  seized  and  held  fast  by  the  clamp, 
and  when  the  whole  length  of  the  screw  is  fed  out, 
the  position  of  the  clamp  is  changed. 

The  drilling  tools  consist  of  centre-bits,  reamers, 
an  auger-stem,  sinker-bar,  and  the  a  jar,"  besides  a 
socket  for  attaching  them  to  the  lower  end  of  the 
rope,  and  wrenches  and  other  accessories  to  aid  in  at- 
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taching  and  unscrewing  the  bits.  There  are,  besides, 
a  variety  of  tools  for  recovering  broken  bits  or  other 
parts  of  the  apparatus  lost  in  the  well,  and  sand- 
pumps  for  removing  the  debris. 


BITS  AND  REAMER  FOR  DRILLING 


The  bits  are  represented  above.  They  are  Sc- 
inches broad  on  the  face,  and  the  reamers  are  4r| 
inches.  They  are  made,  however,  of  various  sizes, 
and  all  have  strong,  square  shanks,  so  that  they  may 
be  firmly  screwed  into  the  auger-stem,  made  of  24- 
inch  iron  and  20  feet  long. 

The  "jar"  is  a  contrivance  by  which  the  auger- 
stem  and  bit  are,  in  a  measure,  detached  from  the 
rope.  By  it  a  blow  or  sudden  jerk  may  be  given  up- 
ward, so  as  to  loosen  the  bit,  in  case  it  becomes 
wedged  in  the  hole,  while  the  same  device  serves  to 
give  a  blow  downward  upon  the  auger,  after  the  bit 
strikes  the  bottom,  thus  doubling  the  efficiency  of 
each  stroke.  It  serves,  also,  to  maintain  the  tension 
of  the  rope  during  the  stroke.  These  jars  are  made 
of  lj-inch  iron  on  the  sides,  with  12-inch  heads  and 
18-inch  stroke. 

The  sinker-bar,  10  feet  long,  is  attached  by  a  screw 
to  the  upper  end  of  the  jar,  and  above  this  is  the  rope- 
socket,  securely  united,  by  means  of  rivets,  to  the 
end  of  the  rope. 


264 


SCIENCE   RECORD. 


The  bits  and  other  parts  of  the  drilling  tools  are 
connected  and  disconnected  by  means  of  twe  large 


WRENCH 


TOOLS  USED  IN  WELL-BORING. 


wrenches,  3  feet  9  inches  long,  with  broad  flat  "heads, 
shaped  as  shown  in  the  figures. 

The  drilling  ropes  or  cables  vary  from  1J  inches  to 
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If  inches  diameter,  and  weigh  from  48  pounds  to  86 
pounds  per  100  feet. 

The  sand-pumps,  made  of  heavy  sheet-iron  or  gal- 
vanized iron,  sometimes  of  copper,  are  about  5  feet 
long,  and  from  3  to  4  inches  in  diameter,  and  are  fit- 
ted with  leather  valves  resting  upon  iron  seats,  as  in- 
dicated at  the  lower  end  of  the  figure. 

These  tools,  and  the  iron  fittings  for  the  walking- 
beam  wheels,  and  other  parts  of  the  apparatus  for 
well-boring,  are  manufactured  by  Messrs.  Hart,  Ball 
&  Hart,  of  Buffalo,  1ST.  Y.  The  steam-engines  in  use 
are  portable,  and  generally  8  or  ten  horse-power.  A 
900-feet  well  can  be  drilled  with  an  8  horse-power 
engine.  Rope  for  a  well  900  feet  deep,  with  the 
tools,  will  weigh  about  800  pounds. 

Before  commencing  to  drill,  it  is  usual  to  drive 
down  a  cast-iron  pipe  through  the  loose  soil  and  al- 
luvial deposits  until  the  firm  bed  rock  is  reached. 
These  pipes  are  made  in  lengths  of  8  feet,  and  are 
from  5  to  6  inches  in  diameter.  They  are  joined  to- 
gether, end  to  end,  by  means  of  wrought-iron  bands 
carefully  welded,  and  sized  to  shrink  on  to  a  shoulder 
turned  upon  each  end  of  the  pipe  in  a  lathe,  so  that 
a,  flush  joint  is  formed  by  the  band.  The  lower  end 
is  made  sharp,  and  the  band  is  edged  with  steel. 
This  form  of  joint  has  been  patented  by  Mr.  Bolles, 
whose  name  it  bears,  and  it  gives  great  satisfaction. 
The  5-inch  lengths  weigh  55  pounds  per  foot,  or 
440  pounds  in  all ;  and  the  6-inch,  69  pounds  per  foot, 
or  552  pounds  per  length.  For  lining  the  wells, 
wrought-iron  tubing  is  used,  made  with  screws  and 
sockets,  or  with  flush  joints,  but  always  smooth-fin- 
ished inside.  The  sizes  vary.  For  the  light  kinds, 
from  1^  to  4  inches  for  the  inside  diameter,  and  from 
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1.66  pounds  to  6  pounds  per  foot.  The  heavier  tub- 
ing ranges  from  H  inches  in  diameter,  and  2.70 
pounds  per  foot,  to  6  inches,  weighing  18.7  pounds  per 
foot.     These  large  sizes  are  seldom  used  for  oil-wells. 

Pumps  are  made  of  wrought-iron  pipe,  lined  with 
heavy  seamless  brass  tubes  bored  perfectly  true,  or  of 
heavy  brass  tube  alone.  One  of  the  last-mentioned 
construction,  5  feet  long,  is  shown  by  the  annexed 
figure,  in  which  a  portion  of  the  interior  is  seen  with 
the  two  valves  and  boxes.  These  valves  are  made 
of  gun-metal,  and  are  fitted  with  great  care.  The 
packing  is  made  of  the  best  oak  tanned  leather. 
Ball-valves  are  generally  used.  The  pump  here  re- 
presented is  manufactured  by  the  Messrs.  Hart,  and 
they  have  made  an  improvement  upon  the  ordinary 
construction,  by  which  the  lower  ball-valve  may  be 
loosened  from  the  top  of  the  guard,  over  the  valve-seat, 
to  which  it  sometimes  becomes  attached  by  the  accu- 
mulation of  a  deposit.  A  projecting  point  at  the 
bottom  of  the  upper  box  enters  the  hole  in  the  top  of 
the  lower  box,  and  thus  forces  down  the  ball.  The 
portion  of  this  projection  nearest  to  the  box  has  a 
screw-thread  cut  upon  it,  and  may  be  screwed  into  the 
box  below,  so  that  they  may  both  be  drawn  out 
together.  The  pump-barrels  are  usually  5  feet  in 
length. 

At  the  top  of  the  well  a  stuffing-box  and  elbow- 
pipe  is  fitted.  The  construction  of  this  box  and  the 
form  of  the  joint  for  attaching  to  the  sucker-rods  is 
shown  in  the  figure.  The  stuffing  is  kept  in  place, 
and  is  pressed  firmly  upon  the  plunger-rod  or  piston 
by  means  of  the  follower,  made  of  brass.  The  plun- 
ger-rods are  5  feet  long,  are  made  of  1-inch  diameter 
cold-rolled  iron,  and  are  perfectly  polished. 
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One  other  important  adjunct  of  a  complete  oil-well 
is  tlie  seed-bag,  the  use  of  which  is  to  form  a  water- 
tight joint  or  packing  around  the  tube  or  lining  of 
the  well,  and  thus  shut  off  all  communication  be- 
tween the  water  of  the  upper  strata  and  the  oil-bear- 
ing crevices  or  chambers  below. 

This  bag  is  made  of  leather,  and  is  filled  with  flax- 
seed. It  is  put  around  the  tube,  and  is  pushed  down 
to  the  proper  place,  and  soon  becomes  so  much  swol- 
len by  the  absorption  of  water  that  it  fills  the  space 
between  the  tube  and  the  walls  perfectly,  and  thus 
shuts  off  all  communication  around  the  tubing,  for 
either  water  or  oil  from  above  or  below. 


New  Gutta-Percha  Cements. — For  uniting  sheet 
gutta-percha  to  silk  or  other  fabrics:  Gutta-percha, 
40  lbs. ;  caoutchouc,  3  lbs.  ;  shellac,  3  lbs. ;  Canada 
balsam,  or  Yenice  turpentine,  14  lbs. ;  liquid  styrax, 
35  lbs. ;  gum  mastic,  4  lbs.  ;  oxide  of  lead,  1  lb. 

For  uniting  sheet  gutta-percha  to  leather,  as  soles 
of  shoes,  etc. :  gutta-percha,  50  lbs. ;  Yenice  turpen- 
tine, 40  lbs. ;  shellac,  4  lbs. ;  caoutchouc,  1  lb. ;  liquid 
styrax,  5  lbs. 

In  making  the  cements  the  Yenice  turpentine 
should  be  first  heated,  then  the  gutta-percha  and  the 
shellac  should  be  added ;  the  order  in  which  the 
other  materials  are  added  is  not  important.  Care 
should  be  taken  to  thoroughly  incorporate  them,  and 
the  heat  should  be  cautiously  regulated,  so  as  not  to 
burn  the  mixture. 


Transparent  Cement. — Dissolve  seventy-five  parts 
India-rubber  in  sixty  parts  of  chloroform  or  benzine, 
and  add  to  the  solution  fifteen  parts  of  mastic. 
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ELECTKO-MAGNETIC  SEWING-MACHINE. 

Our  engravings  illustrate  the  invention  of  Stevens 
and  Handy,  of  San  Francisco,  California,  patented 
in  1871.  It  consists  in  a  novel  arrangement  of  the 
apparatus  which  forms  the  motor,  and  which,  accord- 
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ing  to  the  inventors,  enables  greatly  increased  results 
to  be  obtained  from  the  coils  with  the  same  pulley 
power.  It  will  be  seen  that  the  armatures  drive  the 
needle-bar  directly,  without  the  intervention  of  levers 
or  other  mechanism :  while  the  feed-movement  is  also 
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very  simply  arranged,  and  is  likewise  driven  directly 
froni  the  armatures. 

Figure  1  is  a  side-view  of  the  essential  portions  of 
the  apparatus ;  and  Figure  2  is  a  vertical  transverse 
section  of  one  pair  of  coils,  and  also  shows  the  feed- 
motion.  The  following  description  applies  to  the  two 
figures. 

A  is  a  case  which  rests  upon  the  top  of  a  cabinet, 
and  serves  to  conceal  portions  of  the  machinery ;  it 
also  serves  as  a  table  for  the  work  :  two  pairs  of  coils, 
B  and  C,  are  placed  so  that  their  upper  ends  stand 
just  within  or  at  the  bottom  of  the  case  A,  to  which 
they  are  secured ;  these  coils  are  placed  at  such  a  dis- 
tance apart  as  to  admit  of  the  working  of  an  oscillat- 
ing beam  D,  which  is  supported  on  standards  over 
their  central  line  ;  this  beam  is  balanced  so  that  the 
magnets  or  armatures  of  one  pair  of  coils  are  con- 
nected to  one  end,  and  those  of  the  other  pair  to  the 
opposite  end. 

The  coils  are  constructed  as  shown  in  Figure  2, 
being  formed  of  insulated  wire,  coiled  to  suitable  size, 
leaving  an  opening  through  the  centre  sufficiently 
large  to  admit  the  magnets  and  their  armatures.  The 
coil  is  siuTOimded  by  an  iron  cylinder,  which  greatly 
increases  the  power  of  any  given  coil.  Outside  this 
cylinder  another  coil  may  be  placed,  and  this,  in  turn, 
inclosed  by  another  iron  cylinder;  this  gives  good 
results,  but  not  so  great,  in  proportion,  as  are  obtained 
from  a  single  coil  and  cylinder,  which  the  inventors 
consider  sufficient.  The  magnets  h  and  c  are  made, 
as  usual,  of  soft  iron,  and  each  pair  of  bars  united  by 
a  plate  d  across  the  top  ;  or  they  may  be  formed  in 
one  piece,  as  a  U  magnet  reversed. 

The  magnets  extend  down  into  the  coils  about  two 
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thirds  of  the  depth  of  the  latter,  and  the  armatures  f 
arise  from  the  bottom,  about  one  third  of  the  height 
of  the  coil,  this  construction  also  adding  greatly  to 
their  power.  The  oscillating  beam  D  has  one  end 
connected  to  each  of  the  plates  d,  and  from  some 
convenient  point  on  its  length  the  needle-bar  E 
arises  and  extends  forward  to  the  table  of  the  sewing- 
machine,  over  which  the  work  passes.  From  the 
centre  of  the  beam  D  an  arm  F  depends,  and  as  the 
beam  oscillates  from  the  alternate  attraction  of  the 
magnets,  at  either  end,  this  bar  vibrates  from  side  to 
side,  striking  alternately  pins  on  a  vibrating  bar  *, 


licj.  2 


which  is  pivoted  at  the 
bottom,  and  which  is  also 
caused  to  move  from  side 
to  side.  This  alternately 
forms  and  breaks  contact 
with  the  two  pole-chan- 
gers g  and  A,  and  causes 
the  pairs  of  coils  B  and 
C  to  act  alternately,  thus 
moving  the  magnets  b, 
<?,  the  beam  D,  and  the 
needle-bar  E. 

The  feed-motion  is  op- 
erated in  the  following 
manner :  A  bar  or  arm 
V,  extends  forward  from 
the  end  of  the  beam  D, 
and  partakes  of  its  oscil- 
lations. Two  standards 
m,  m  support  a  shaft  Gr, 
which  lies  parallel  with 
and  a  short  distance  from 
electro-magnetic  sewing-machine,    ^e  arm  V.     At  one  end 
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of  the  shaft  is  an  arm  H,  which  projects  over  the 
arm  V,  and  as  this  oscillates  it  moves  the  arm  H 
up  and  down,  thus  partially  rotating  the  shaft  Gr 
back  and  forth  at  each  oscillation.  A  small  crank 
arm  o  is  fixed  to  the  opposite  end  of  the  shaft  G-, 
and  the  upper  end  of  this  is  so  attached  or  connected 
to  the  feed-plate  p  as  to  move  it  forward  and  back, 
raising  it  at  the  proper  time. 

If  found  more  desirable,  two  or  more  pairs  of  coils 
could  be  connected  with  each  end  of  the  oscillating 
beam  D,  but  the  inventors  have  found  one  pair  suffi- 
cient for  all  ordinary  purposes. 

In  order  to  prevent  noise,  and  diminish  the  force 
with  which  the  magnets  and  armatures  would  meet, 
the  arms  Y  pass  through  a  case  K,  within  which  are 
placed  elastic  cushions,  above  and  below,  and  against 
which  the  bar  strikes  as  it  moves. 

The  inventors  also  patent  a  form  of  "  switch,"  by 
means  of  which  they  are  enabled  to  control  the  bat- 
tery power,  employing  either  two,  four,  or  any  number 
of  cells  required. 

Although  the  invention  is  here  shown  as  applied 
to  a  sewing-machine,  it  is  really  capable  of  being 
employed  in  working  various  other  machines. 


PHYSICAL    FEATUKES    OF  INSANITY. 

De.  T.  B.  Tuke,  a  physician  of  eminence  and 
learning  in  the  science  of  mental  disease,  read  a  docu- 
ment at  the  last  meeting  of  the  British  Association  for 
the  Advancement  of  Science,  in  which  he  said, 

"  It  is  generally  acknowledged  that  the  intellectual 
powers  are  manifested  through  the  gray  matter  of  the 
cerebrum ;  and  as  in  insanity  these  faculties  were  im- 
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paired,  exaggerated,  or  perverted,  I  believe  that,  by 
examining  the  brains  of  the  insane,  a  hope  exists  of 
discovering  a  road  for  arriving  at  a  solution  of  the 
functional  difficulty.  The  time  has  passed  when  the 
term  mental  disease,  insanity,  or  madness,  conveyed 
to  the  minds  of  physicians  the  idea  that  the  mind  or 
its  faculties  were  the  entities  which  were  the  subject 
of  disease.  By  a  process  of  reasoning  the  pathologist 
has  arrived  at  the  conclusion  that  the  abnormal  phy- 
sical manifestations  are  dependent  upon  primary  or 
secondary  changes  in  the  nerve  tissue  ;  that  insanity 
is  a  symptom  of  disease,  not -a  disease  itself,  and  that 
the  cause  of  the  disease  must  be  looked  for  in  the 
brain.  Six  years  ago,  I  commenced  a  systematic  mi- 
croscopic examination  of  the  brains  of  the  insane,  and 
with  this  most  important  result,  that  in  every  single 
instance  a  marked  departure  from  healthy  structure 
was  observed. 

"  I  am  not  prepared  to  designate  the  individual  part 
of  the  brain  specially  affected  in  the  different  forms 
of  insanity ;  but  I  may  say  generally,  that  the  corpora 
striata  are  the  portions  most  frequently  found  affect- 
ed, and  that  the  cerebellum  is  the  organ  least  fre- 
quently subjected  to  disease.  Further,  that  the  white 
matter  is  much  more  liable  to  evident  structural  mor- 
bid change  than  the  cortical  substance,  in  compara- 
tively recent  cases ;  and  that  where  the  intellect  has 
been  in  abeyance  for  prolonged  periods,  the  structure 
of  the  gray  matter  of  the  cerebral  convolutions  is  dif- 
ficult of  demonstration,  the  layers  are  found  indistinct, 
as  the  cells  are  few  in  number,  and  generally  small  in 
size.  In  the  fifty-three  cases  of  chronic  insanity 
which  I  have  examined,  I  have  found  distinct  struc- 
tural changes  in  the  brain  of  each. 
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NEW  USES  OF  THE  OPHTHALMOSCOPE. 

Dr.  Thomas  Clifford  Allbutt  lias  published  a  work 
giving  the  result  of  his  observations  upon  the  use  of 
the  ophthalmoscope  in  the  detection  of  diseases  of  the 
nervous  system,  kidneys,  etc.  The  ophthalmoscope,  as 
all  our  readers  know,  consists  substantially  of  a  small 
mirror  having  a  central  aperture.  The  mirror  throws 
light  into  the  eye  of  the  patient,  enabling  the  opera- 
tor, who  looks  through  the  aperture,  to  observe  the 
condition  of  the  retina.  Heretofore,  this  instrument 
has  been  employed  for  examinations  pertaining  to 
diseased  conditions  of  the  organs  of  sight  only.  But 
it  has  been  found  that  the  condition  of  the  retina  is 
more  or  less  affected  by  other  diseases  of  the  body ; 
and  some  of  these  diseases  may  be  detected  and  their 
progress  observed  by  proper  examinations  of  the  eye 
with  the  opthalmoscope. 


FILTRATION  IN  REFINERIES  AND  MANU- 
FACTORIES. 

BY   JOHN   C.  DRAPER,    PROFESSOR   OF   CHEMISTRY,  UNIVER- 
SITY  MEDICAL    COLLEGE,  NEW-YORK. 

In  the  London  Philosophical  Magazine,  for  May, 
1870,  I  published  an  account  of  an  apparatus  for  ra- 
pid filtration,  which  might  be  applied  in  the  washing 
of  the  bone-black  filters  used  in  sugar  refining,  in 
hastening  and  perfecting  the  passage  of  the  sirup 
through  the  bone-black,  and  in  gaining  time  in  any 
manufacture  in  which  a  process  of  filtration  is  em- 
ployed. 

In  principle,  this  apparatus  is  similar  to  that  intro- 
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duced  by  Bunsen,  in  that  it  depends  upon  a  more  or 
less  perfect  vacuum  for  its  action.  But  in  the  man- 
ner of  obtaining  the  vacuum  it  is  essentially  different ; 
for  in  place  of  the  almost  unlimited  supply  of  water, 
at  a  considerable  pressure,  which  the  method  of  Bun- 
sen  demands,  I  have  substituted  an  easily-obtained  jet 
of  steam,  and  have  thereby  rendered  the  process  of 
rapid  nitration  possible  on  the  scale  required  in  manu- 
factories. 


The  direct  application  of  the  steam  to  the  object 
desired,  without  the  intervention  of  any  pump  or 
other  complicated  machine  that  might  get  out  of  or- 
der, or  which  might  be  injured  by  acid  or  corrosive 
fumes,  is,  I  think,  of  sufficient  importance  to  make  a 
description  of  the  apparatus  interesting. 
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In  the  above  figure,  A  is  a  stout  boiler,  with  three 
openings  accommodating,  respectively,  a  pressure- 
gauge  B,  a  supply-funnel  C,  closed  by  a  stop-cock,  for 
the  introduction  of  water,  and  a  tube  D,  connecting 
with  the  exhausting  arrangement  or  steam  vacuum- 
tube  E,  represented  in  section  at  F,  in  which  F  is  a 
brass  or  glass  tube,  one  half  inch  in  diameter,  termi- 
nating in  a  small  conical  opening  or  nozzle,  one  thir- 
ty-second of  an  inch  in  diameter.  In  the  interior  of 
F,  and  passing  air-tight  through  the  stuffing-box  H, 
there  is  a  similar  tube  G,  about  one  eighth  of  an  inch 
in  diameter,  and  terminating  in  a  nozzle  or  opening 
like  F,  and  about  one  sixty-fourth  of  an  inch  in  dia- 
meter. At  K,  a  tube  one  fourth  inch  in  diameter 
opens  into  F. 

The  nozzle-tubes  F  G  being  placed  in  position  as 
shown  in  the  figure,  steam  is  raised  in  the  boiler  A  ; 
this,  passing  through  the  tube  D  E  to  G,  issues  with 
violence  from  the  nozzle,  and,  in  passing  through  the 
nozzle  of  F,  produces  an  exhaustion  in  the  interior  of 
the  tube  F,  which  may  be  applied,  as  desired,  by  a 
flexible  tube  attached  to  K.  The  vacuum  produced 
depends  partly  upon  the  shape  of  the  nozzles,  and 
partly  on  their  relative  position.  The  latter  adjust- 
ment is  obtained  by  slipping  the  tube  G  through  the 
stufling-box  H,  until  the  proper  position  is  found.  In 
the  arrangement  employed  by  me,  I  have  without  dif- 
ficulty obtained,  with  a  pressure  of  one  atmosphere  of 
steam  in  the  boiler,  an  exhaustion  capable  of  raising 
mercury  eight  inches  perpendicularly  in  a  tube  at- 
tached to  K,  the  exhaustion  increasing  steadily  as  the 
pressure  of  the  steam  increased. 

At  L  M,  a  simple  form  of  filtering  apparatus  is  re- 
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presented  as  attached  to  the  steam  vacuum-tube  F,  by 
the  flexible  India-rubber  connection  N. 

STEAM   VS.  DISEASE. 

While  experimenting  with  the  apparatus  above  de- 
scribed, I  have  often  been  surprised  by  the  agree- 
able coolness  experienced  whenever  the  hand  happen- 
ed to  pass  through  the  mixed  column  of  air  and  steam 
that  issued  from  the  nozzle  of  the  vacuum-tube.  The 
reader  will  remember  that  when  steam,  under  a  high 
pressure,  is  thrown  from  the  nozzle  of  the  tube  G, 
through  the  larger  nozzle  F,  a  vacuum  is  formed  in 
the  tube  of  which  this  nozzle  is  the  termination,  and 
through  the  lateral  tube  K  this  vacuum  may  be  ap- 
plied for  various  purposes. 

If,  now,  the  connection  is  removed,  and  air  permit- 
ted to  pass  freely  through  K,  a  mixture  of  air  and 
condensed  steam  is  thrown  with  considerable  violence 
from  the  opening  at  F  ;  and  this  current,  brought  into 
contact  with  the  surface  of  the  body,  produces  an 
agreeable  sensation  of  coolness,  which  would,  I  think, 
not  only  be  a  grateful  application  in  the  treatment 
of  all  superficial  inflammations,  (as  erysipelas,)  but 
would,  by  its  soothing  action  on  the  nerves,  aid  in  mo- 
difying or  removing  the  diseased  condition. 

In  addition  to  the  pleasant  sensation  imparted  by 
the  issuing  column  of  steam  r*nd  air,  I  find  that  it  also 
possesses  chemical  properties ;  for  it  shows  the  presence 
of  traces  of  ozone,  which  has  doubtless  been  produced 
by  the  electricity  developed  by  the  passage  of  the  cur- 
rent of  steam  through  the  nozzles  of  the  apparatus. 
That  ozone  may  be  so  formed  has  been  satisfactorily 
shown  in  the  experiments  made,  many  years  ago, 
with  steam  electric-machines,  where  the  characteristic 
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ozone,  or  electric  odor,  as  it  was  called,  was  produced 
in  a  marked  degree.  This  trace  of  ozone  renders  it 
probable  that  such  a  steam  air-current  might  also  be 
applied  with  good  results  to  every  kind  of  foul  or  gan- 
grenous ulceration ;  and,  if  proper  modifications  were 
made  to  secure  as  great  a  supply  of  electricity  as  in 
the  steam  electric-machine  referred  to,  I  see  no  rea- 
son why  we  may  not  look  forward  to  the  use  of  ozone 
so  developed,  in  the  purification  of  the  wards  of  hos- 
pitals, and  the  disinfection  of  the  holds  and  decks  of 
fever-stricken  ships. 


KAILWAY   CONSTKITCTION    IN    THE 
UNITED  STATES. 


1827 

Miles 
open. 
3 

1828 

3 

1829 

28 

1830 

41 

1831 

54 

1832 

131 

1833 

576 

1834 

762 

1835 

918 

1836 

1102 

1837 

1431 

1838 

1843 

1839 

2220 

1840 

2797 

1841 

3319 

1842 

3877 

1843 

4174 

1844 

4311 

1845 

4522 

1846 

......4870 

1847 

5336 

1848 

..:... 5682 

1849 

6350 

25 
13 
13 

77 
445 
186 
156 
184 
329 
412 
477 
577 
522 
558 
297 
137 
211 
348 
466 
346 


Miles  Yearly 

open.  increase. 

1850 7,475  1125 

1851 8,589  1114 

1852 11,027  2438 

1853 13,497  2470 

1854 15,672  2175 

1855 17,398  1726 

1856 19,251  1853 

1857... 22,625  3374 

1858 25,090  2465 

1859 26,755  1665 

1860 28,771  2016 

1861 30,593  1822 

1862 31,769  1176 

1863 32,471  702 

1864 33,860  1389 

1865. 34,442  582 

1866 35,351  909 

1867 36,896  1545 

1868 38,822  1926 

1869 42,272  3454 

1870 48,860  6588 

1871 54,435  5570 
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PEOGEESS  OF  POPULATION. 

Population.  Increase 

1790 3,929,827  Percent. 

1800 5,305,937  35.02 

1810 7,239,814  36.45 

1820 9,638,191  33.13 

1830 12,866,020  33.49 

1840 17,069,453  32.67 

1850 23,191,876  35.87 

1860 31,445,080  35.58 

1870 38,549,987  22.59 


—#— 

AEEA  OF  THE  UNITED  STATES. 

Total  area  of  the  public  lands  of  the  States  and  Ter-       Acres. 

ritories, 1,400,549,033 

Total  area  of  those  States  where  there  are  no  public 

lands, 476,546,560 

Area  of  Indian  Territory, 44,154,240 

Area  of  District  of  Columbia, 38,400 

Grand  total  of  area  of  the  United  States,  in  acres,       1,921,288,233 

Or  three  million  two  thousand  and  thirteen  square 
miles. 

This  does  not  include  the  area  of  the  great  lakes 
just  within  and  forming  a  portion  of  our  northern 
boundary ;  neither  does  it  include  the  marine  league 
on  the  coast. 


Silvering  Ivory. — Immerse  a  small  slip  of  ivory 
in  a  weak  solution  of  nitrate  of  silver,  and  let  it  re- 
main till  the  solution  has  given  it  a  deep  yellow  color ; 
then  take  it  out  and  immerse  it  in  a  tumbler  of  clear 
water,  and  expose  it  in  the  water  to  the  rays  of  the 
sun.  In  about  three  hours  the  ivory  acquires  a  black 
color;  but  the  black  surface  on  being  rubbed  soon 
becomes  changed  to  a  brilliant  silver. 
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ARCTIC    NAVIGATION     AND    DISASTERS 
DURING   THE  PAST   YEAR. 

Among  the  practical  results  of  the  various  expedi- 
tions in  search  of  the  North  Pole,  and  of  the  North- 
west passage  between  the  Atlantic  and  Pacific,  has 
been  the  discovery  of  the  periodical  migrations  of 
whales  to  the  Arctic  Seas.  The  best  whaling-grounds 
have  been  found  in  the  extreme  north ;  and  wherever 
the  whale  leads  the  way,  our  brave  whalemen  are  sure 
to  follow,  unmindful  of  toil  or  dangers,  in  their 
searches  for  the  precious  oils. 

For  the  past  few  years,  our  whaling-vessels  have 
prosecuted  their  voyages,  with  most  profitable  results, 
into  the  Arctic  Ocean,  the  open  waters  of  which  they 
were  easily  enabled  to  reach  in  the  summer  season,  by 
sailing  through  Behring's  Straits,  that  narrow  channel 
at  the  extreme  north-west  of  our  Alaska  territory,  a 
channel  which  separates  the  continent  of  America 
from  Asia. 

Few  disasters  have  heretofore  been  experienced 
by  the  whalemen  in  these  arctic  voyages,  as  they 
have  generally  been  able  to  retreat  from  any  advanc- 
ing ice  in  time  to  secure  the  safety  of  their  vessels. 
But  the  past  season  has  proved  an  exception ;  and  we 
have  to  record  a  disaster  by  which  more  than  three 
fourths  of  all  the  vessels  that  had  ventured  into  the 
Arctic  Ocean  were  abandoned. 

For  the  purposes  of  mutual  assistance  in  the  event 
of  disaster,  the  vessels  engaged  in  this  perilous  busi- 
ness are  accustomed  to  sail  together ;  and  the  fleet  of 
1871  consisted  of  forty  vessels.  When  the  ships  made 
Cape  Behring,  the  whales  had  mostly  passed  through 
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the  straits  into  the  Arctic  Ocean  ;  the  fleet  had  also 
passed  through  by  the  30th  of  June.  They  now  com- 
menced catching  walrus;  but  with  small  success  in 
comparison  with  former  seasons.  In  the  latter  part 
of  July  winds  prevailed,  breaking  up  the  walrus  hunt- 
ing ;  so  the  fleet  pressed  to  the  north-east  for  Icy  Cape, 
on  the  northerly  side  of  Alaska.  This  coast  forms  one 
of  the  southern  boundaries  of  the  Arctic  Ocean.  Fa- 
vorable weather  and  fair  success  attended  their  labors, 
and  the  ships  pushed  on  north-eastwardly  beyond  Icy 
Cape,  making  Wainwright  Inlet,  where  they  captur- 
ed a  large  number  of  whales,  though  many  more  were 
lost,  the  ice  being  very  heavy  and  densely  packed ; 
but  notwithstanding  this,  the  prospects  appeared  good, 
and  promised  a  large  season's  catch.  The  ships  all 
anchored  or  made  fast  to  heavy  ground-ice,  and  whal- 
ing was  continued  smartly  for  several  days,  when, 
about  the  11th  of  August,  a  large  number  of  the  boats 
that  had  been  cruising  in  the  open  ice  were  caught  in 
it  by  a  shifting  wind  setting  the  ice  on  shore.  The 
ships  were  compelled  to  get  under  way  to  save  them- 
selves from  being  jammed.  They  worked  inshore  un- 
der the  lee  of  the  ground-ice  ;  and  it  was  only  with 
the  utmost  difficulty  that  they  succeeded  in  saving  the 
boats,  having  to  haul  them  for  long  distances  over  the 
ice,  which  now  set  steadily  on  shore ;  and,  to  avoid 
being  stove,  the  ships  got  into  shoal  water.  On  the 
13th,  the  ice  stopped,  having  at  last  grounded,  leaving 
an  open  space  of  water  along  the  land.  The  boats 
were  kept  off  whaling  continually,  and  plenty  of 
whales  were  heard  and  seen  among  the  heavy  ice,  but 
were  inaccessible. 

Up  to  the  25th  of  August,  the  ships  remained  safely 
anchored  and  tied  up  to  the  ice.    On  that  day,  a  strong 
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north-east  gale  set  in,  and  the  ice  opened  and  went  off 
shore.  The  weather  was  good,  whales  plentiful,  and 
many  were  taken ;  and  as  it  was  considered  that  the 
ice  was  going  off  permanently,  the  ships  all  got  under 
way,  and  began  whaling  in  earnest. 

On  the  29th,  a  south-west  wind,  light  in  the  morn- 
ing, freshened  so  toward  the  evening  that  the  ice  set 
inshore,  and  caught  some  of  the  ships  in  the  pack, 
while  the  rest  barely  succeeded  in  retreating  inshore 
ahead  of  the  ice,  where  they  anchored  in  from  three 
to  four  fathoms  of  water,  the  ice  still  coining  in,  and 
small  ice  packing  round  the  ships.  Heavy  floe-ice 
grounded  in  the  shoal  water,  and  inside  of  this  many 
of  the  ships  lay,  while  those  which  could  not  get  in 
kept  working  in  as  they  found  it  possible,  to  prevent 
staving.  Storms  and  winds,  from  south  to  north-west, 
with  snow,  now  visited  the  devoted  vessels,  many  of 
which  were  so  close  together  as  not  to  have  room 
enough  to  swing  clear  of  each  other. 

And  now  a  series  of  disasters  began,  which  culmi- 
nated in  the  almost  total  destruction  of  the  fleet. 

The  ice  began  to  set  on  shore  heavily,  and  the  open 
space  of  water  became  gradually  narrower ;  and  the 
possibility  of  the  vessels  getting  out  grew  less  and  less. 
Still  our  brave  mariners  cherished  strong  hopes  that  a 
north-east  gale  would  yet  open  a  way  for  their  pas- 
sage. Nothing,  however,  could  be  viewed  but  ice  off- 
shore to  the  utmost  range  of  vision ;  and  the  only 
clear  water  to  be  seen  was  that  inshore,  and  which 
had  become  narrowed  to  from  two  hundred  yards  to 
half  a  mile  wide,  where  the  ships  were  lying,  some 
packed  in  the  ice,  others  in  open  water,  extending 
from  Point  Belcher  to  about  two  or  three  miles  south 
of  Wainwright  Inlet.    The  wind  continued  fresh  from 
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south-west,  causing  the  ice  to  pack  more  closely  toge- 
ther every  day. 

September  2d,  the  brig  Comet  was  completely 
crushed,  the  crew  barely  escaping  with  their  lives  to 
the  other  vessels.  On  the  7th,  the  bark  Roman  was 
crushed.  She  had  been  caught  while  cutting  a  whale, 
and  had  drifted  helplessly  with  the  ice  as  far  as  Sea- 
horse Islands,  and  was  there  caught  between  two  im- 
mense floes  of  ice,  one  of  them  being  aground,  and 
the  other,  a  tremendous  floe  of  several  miles  in  length, 
thundered  against  the  fated  vessel  from  off-shore, 
crushing  her  to  atoms.  The  officers  and  crew  fortu- 
nately escaped  over  the  ice  to  the  other  ships,  saving 
hardly  any  thing  but  their  lives. 

These  disasters  were  alone  enough  to  strike  the  fleet 
with  consternation ;  but  a  wTorse  fate  was  slowly  but 
surely  approaching.  On  the  8th,  the  fleet  beheld  the 
bark  Awashenks  shattered  between  the  stupendous 
floe  and  ground-ice,  and  again  received  a  fugitive 
crew  who  had  lost  their  all. 

The  jeopardy  in  which  they  were  situated  now 
forced  itself  upon  the  gallant  mariners ;  and  as  the 
season  was  rapidly  advancing  toward  its  close,  and  the 
ice  increased  daily  in  the  open  water,  the  danger  of 
being  frozen  in  seemed  imminent.  The  masters  all 
met  to  consult  upon  the  situation,  and  concluded  to 
make  preparations  for  the  final  escape. 

Unsuccessful  attempts  were  made  to  float  some  of 
the  vessels  over  the  shoals  between  the  ice  and  the 
shore.  Then  an  expedition  of  three  boats  was  fitted 
out  and  went  down  the  coast,  under  the  command  of 
Captain  D.  R.  Fraser,  who  succeeded  in  finding  the 
vessels  Arctic,  Progress,  Midas,  Lagoda,  Chance, 
Daniel  Webster,  and  Europa,  which  had  kept  out  of 
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THE  GEORGE  AND  THE  GAT  HEAD,   ABANDONED.      SKETCHED  BY   CAP- 
TAIN  KELLY.    OF   THE   GAY   HEAD. 
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the  ice ;  and  he  found  their  masters  willing  to  stay 
and  wait  for  the  crews  of  the  distressed  vessels  as 
long  as  their  anchors  would  hold  out. 

As  on  the  night  of  the  9th  of  September,  the  clear 
water  round  the  ships  began  to  freeze  over,  and  the 
weather  became  calm,  it  was  deemed  well  to  lose  no 
time  in  forwarding  supplies  of  provisions  to  the  ves- 
sels waiting  in  the  south,  before  the  passage  by  boats 
was  cut  off  by  the  ice,  and  so  compel  them  to  travel 
on  the  ice  to  those  vessels.  The  boats  were  coppered 
round  the  bows  to  protect  them  from  damage  by  the 
ice,  which  had  already  accumulated  in  the  open  space, 
and  the  provisions  were  sent  south. 

September  13th,  another  meeting  of  the  masters 
took  place,  when  the  painful  conclusion  was  arrived 
at  that  in  order  to  save  the  lives  of  their  crews  they 
would  be  obliged  to  abandon  their  vessels,  as  it  was 
quite  impossible  to  winter  there,  the  supply  of  pro- 
visions being  insufficient  for  three  or  four  months, 
which  is  less  than  a  third  of  the  length  of  winter  in 
those  regions.  The  masters  also  concluded  that  as 
the  ships  lay  in  the  open  sea,  exposed  to  the  weather, 
the  probability  was  strong  that  they  would  all  be  de- 
stroyed by  the  ice,  although  they  were  ready  to  stay 
any  length  of  time  by  their  ships  that  they  could  ex- 
ist upon  the  provisions,  if  sure  of  a  vessel  to  take 
them  off  in  the  last  extremity.  Consider  the  case  as 
they  would,  they  could  not  see  any  prospect  of  saving 
the  ships  if  they  staid  by  them,  and  unless  they  made 
their  escape  while  they  could  do  so,  starvation  and 
death  seemed  the  only  alternative.  Accordingly,  with 
heavy  hearts,  and  feelings  which  none  but  those  who 
have  been  similarly  situated  can  describe  or  realize, 
all  the  ships'  companies,  at  the  preconcerted  signal — 
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colors  set  at  the  mast-heads — got  ready  to  leave  their 
vessels  on  the  14th ;  and  on  that  day,  at  four  p.m., 
every  ship's  company  had  left  their  vessels,  thirty  in 
number,  and  proceeded  on  their  way  south,  carrying 
only  such  provisions  and  clothing  as  were  positively 
needful.  These  shipwrecked  mariners  formed  a  small 
army  twelve  hundred  strong. 

During  their  march  southward,  they  found  that  the 
ice  had  increased  to  an  extent  greater  than  they  had 
imagined,  and  felt  satisfied  that,  even  though  they 
had  succeeded  in  taking  the  brigs  over  the  bar  at 
Wainwright  Inlet,  they  would  never  have  got  them 
into  the  clear  water  in  the  south.  On  the  night  of 
the  14th  they  camped  on  the  beach,  and  at  daylight  on 
the  15th  they  went  on  their  way  to  Icy  Cape.  When 
they  came  in  sight  of  the  waiting  ships,  they  were  in- 
deed grateful  to  that  Providence  which  had  guided 
them,  and  preserved  means  for  their  rescue  from  the 
frightful  perils  and  hardships  through  which  they  had 
passed.  The  distance  traveled  by  the  boats  after  the 
abandonment,  until  reaching  the  rescuing  vessels 
south  of  Icy  Cape,  was  about  seventy  miles ;  the  ice 
to  seaward  being  one  compact  mass,  and  the  water 
along  the  beach  being  a  very  narrow  strip,  for  the 
entire  distance  very  shoal. 

They  experienced  great  difficulty  in  getting  off  to 
the  ships,  owing  to  the  rugged  sea  and  necessarily 
deep  loading  of  the  boats. 

On  the  16th  of  September — the  last  boat's  crew 
having  been  taken  on  board — the  seven  vessels 
weighed  anchor,  and  proceeded  south-west  for  Plover 
Bay.  The  boats  were  cut  adrift,  as  the  crowded  state 
of  the  ships  precluded  them  from  saving  one  of 
them. 
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On  the  23d  and  24th  of  October,  1871,  the  several 
vessels,  crowded  with  their  living  freights,  safely  ar- 
rived at  Honolulu,  in  the  Sandwich  Islands.  Captain 
Kelly,  of  the  Gay  Head,  one  of  the  abandoned 
vessels,  furnished  a  number  of  spirited  sketches  of  the 
foregoing  Arctic  disasters.  We  present  this  drawing 
of  the  position  of  his  own  vessel  and  that  of  the 
George  when  he  left  her.  Most  of  the  other  vessels 
were  near  by,  but  floating  at  anchor,  and  were  thus 
abandoned.  The  natives,  whose  tents  were  visible 
not  far  distant,  will  doubtless  reap  a  rich  harvest  of 
materials  from  the  many  wrecks. 


ON  THE  TRANSPLANTING  OF  LARGE 
TREES. 

Mr.  O.  C.  Bullard,  Superintendent  of  Prospect 
Park,  Brooklyn,  N.  Y.,  gives  the  following  interesting 
particulars  relative  to  the  transplanting  of  trees,  so 
extensively  and  successfully  practiced  by  him  in  vari- 
ous parts  of  the  grounds  under  his  charge  : 

The  planting  of  the  park  has  been  under  my 
charge  from  the  first,  and  no  part  of  my  work  has 
received  more  careful  study  than  the  subject  refer- 
red to. 

We  have  planted  nearly  2000  trees  of  from  five 
inches  to  two  feet  diameter,  with  a  very  small  per- 
centage of  loss. 

Relying  upon  a  few  plain,  simple  principles, 
healthy,  vigorous  trees,  of  almost  any  size,  may  be 
safely  transplanted. 

There  are,  of  course,  exceptions.  With  some 
varieties,  as  the  hickory,  and  other  essentially  tap- 
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rooted  trees,  it  is  almost  useless  to  experiment.  Those 
with  soft,  succulent  roots,  like  the  sweet-gum,  sassafras, 
and  some  of  the  magnolias,  are  difficult  to  manage. 

To  insure  success,  it  is  important  to  take  with  the 
tree  a  mass  of  earth,  proportionate  to  its  size,  which 
shall  contain  a  large  part  of  the  fibrous  or  feeding  roots 
uninjured.  This  accomplished,  the  tree  may  be  moved 
without  the  necessity  of  materially  damaging  its  form 
or  losing  its  character. 

The  leafage  should  be  reduced,  somewhat  in  pro' 
portion  to  the  necessary  damage  of  roots.  Much, 
however,  will  depend,  in  this  matter,  upon  the  vigor 
of  the  tree  when  moved,  what  the  change  is  to  be, 
whether  from  a  poor  soil  to  a  better,  or  the  reverse, 
from  a  sheltered  locality  to  more  exposure,  or  other- 
wise. 

My  system  of  pruning  large  trees  which  have  been 
transplanted  is  (if  the  form  is  satisfactory)  to  thin  out 
over  and  through  the  entire  head,  cutting  as  few  large 
limbs  as  possible,  and  reducing  the  outline  only  by 
cutting  back  the  leading  twigs  or  small  branches  at 
their  points  of  junction  with  the  larger  branches. 

The  trees  with  which  we  have  been  most  successful 
are  the  maples,  elms,  lindens,  (American  and  Euro- 
pean,) horn-beams,  and  some  of  the  oaks  and  birchei. 
These,  for  the  most  part,  have  abundant  fibrous  roots 
reasonably  near  the  stem  of  the  tree. 

We  dig  a  liberal  trench  around  a  ball  of  earth 
and  roots,  varying  in  size  from  six  to  thirteen  feet 
in  diameter,  according  to  size  of  tree.  The  roots  are 
smoothly  cut  as  far  from  the  tree  as  they  can  be  safely 
retained.  The  trench  is  carried  below  the  roots,  and 
the  excavation  well  under  the  ball,  leaving  only  a 
small  pedestal. 
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Timbers  and  chains  are  securely  placed  under  the 
ball ;  to  the  latter,  heavy  tackles,  attached  to  the 
windlasses  of  the  tree-truck,  are  fastened,  and  the 
tree  is  then  raised  in  an  upright  position  far  enough 
to  clear  the  ground  in  conveying  it  to  the  new  home. 

In  planting,  the  excavation  to  receive  the  tree  is 
dug  much  larger  than  the  root-ball,  and  deeper  than 
its  thickness.  Good  loam  or  soil  is  filled  in  to  the 
required  depth,  and  the  tree  lowered  on  this  bed,  the 
greatest  care  being  taken  to  properly  place  and  cover 
all  exposed  roots.  Composted  manure  is  mixed  with 
the  soil  that  does  not  come  directlv  in  contact  with 
the  roots. 

Our  trees  make  but  little  growth  the  two  first  years. 
New  roots  are  forming  and  getting  well  hold  of  the 
rich  food  furnished  them.  The  third  year,  and  some- 
times the  second,  they  are  among  our  most  vigorous 
trees. 

During  the  summer  following  planting,  and,  it 
necessary,  the  second  summer,  we  mulch  the  trees 
liberally  with  fresh  cut  grass,  and  water  if  the  season 
be  dry. 

I  think  the  foregoing  may  give  your  readers  a  gen- 
eral idea  of  the  possibility  of  transplanting  large  trees 
with  comparative  safety,  and  may  be  of  some  service 
as  to  the  method. 

Our  trucks  for  moving  trees  were  gotten  up  by  the 
park  engineers,  modified  from  time  to  time  as  we 
made  our  first  experiments.  I  can  hardly  go  into 
such  an  explanation  of  their  construction  as  would  be 
of  any  value.  O.  C.  Bullakd, 

Park  Inspector  Brooklyn  Parks. 
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A  IsTEW  PEOCESS  FOE  SEPARATING  GOLD 
AND  SILYEE. 

Instead  of  precipitating  the  sulphate  of  silver,  which 
results  from  the  refining  of  gold  by  sulphuric  acid,  by 
copper,  it  is  reduced,  at  the  works  of  the  San  Fran- 
cisco Assaying  and  Eefining  Company,  by  protosul- 
phate  of  iron.  The  hot,  thick,  turbid  mass  which  is 
obtained  by  treating  the  bullion  with  sulphuric  acid 
in  cast-iron  pots,  is  placed  in  a  cast-iron  vessel  con- 
taining sulphuric  acid  of  58°  B.  heated  to  about  110° 
0.  A  very  small  quantity  of  water  is  then  added, 
and  after  a  few  minutes  the  now  clear  solution  is  drawn 
into  a  second  vessel,  which  can  be  cooled  from  the 
outside.  By  the  addition  of  the  water,  all  the  sul- 
phate of  lead  is  precipitated,  which  carries  down  all 
impurities,  and  all  the  suspended  gold.  As  soon  as 
the  solution  in  the  lower  vessel  is  cooled  to  from  30° 
to  40°  C,  the  mother  liquor  is  pumped  back  into  the 
upper  vessel,  where  it  is  again  heated  and  treated  as 
before  with  acid  of  58°  B.  The  sulphate  of  silver  is 
found  in  hard  yellow  crystals  in  a  layer  one  or  two 
inches  thick,  containing  but  very  little  free  acid. 
The  crystals  are  put  on  the  false  bottom  of  a  box 
lined  with  lead,  which  is  provided  with  wheels  and  an 
opening  for  letting  off  the  liquor.  These  crystals  are 
mixed  with  a  red  powder,  essentially  sulphate  of  cop- 
per. A  hot  aqueous  solution  of  sulphate  of  copper  is 
allowed  to  run  through  them.  The  copper  salt  is  dis- 
solved first,  and  collected  in  a  separate  vessel,  to  be 
worked  for  sulphate  of  copper.  As  soon  as  the  filtrate 
shows  the  pure  brown  color  of  the  sesqui-sulphate  of 
iron,  it  runs  into  another  vessel,  where,  on  cooling,  the 
greater  part  of  the  dissolved  silver  salt  is  decomposed, 
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and  metallic  silver  precipitated,  which  is  added  to  the 
principal  mass  on  the  filter.  Here  the  crystals  have 
been  converted  into  a  dense  coherent  mass  of  metallic 
silver,  which  may  be  considered  as  completely  reduced 
as  soon  as  the  iron  solution,  filtering  through,  shows  a 
pure  green  color.  It  is  washed  with  water,  pressed, 
and  melted.  The  oxidized  iron  solution  is  collected 
in  a  lead-lined  vessel,  which  contains  iron  scraps.  It 
is  thereby  converted  into  a  solution  of  proto-sulphate, 
and  used  again.  The  small  quantity  of  silver  and 
copper  which  is  precipitated  by  the  iron  scraps  is 
from  time  to  time  added  to  the  crystals  on  the  filter, 
where  the  copper  is  rapidly  dissolved.  One  hundred 
pounds  of  silver,  reduced  on  the  filter,  require  about 
20  cubic  feet  of  solution  of  proto-sulphate  of  iron. — 
F.  Gu      on.  American  Chemist. 


FLOATING  BKEAKWATER 

It  is  known  that  the  wavy  agitation  of  water  by 
wind  does  not  extend  very  deep  beneath  the  surface 
of  the  water ;  and  that  the  motion  of  the  water  in 
forming  waves  is  almost  entirely  a  succession  of  un- 
dulations, and  has  very  little  forward  motion  until 
the  waves  reach  comparatively  shallow  waters,  when 
they  become  waves  of  translation,  and  exert  their 
greatest  destructive  power. 

In  the  construction  of  this  breakwater  a  wall  of 
iron  or  other  suitable  material  is  to  be  placed  verti- 
cally in  the  water  to  seaward  of  the  place  to  be  pro- 
tected, and  to  be  of  sufficient  height,  that  its  lower 
edge  will  reach  below  the  waves  to  comparatively 
calm  water,  while  its  upper  edge  will  project  above 
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IMPROTED  FLOATING  BREAKWATER. 

the  water  a  sufficient  distance  to  form  the  breakwater. 
It  will  be  supported  by  a  water-tight  compartment, 
or  by  a  series  of  water-tight  compartments,  placed 
near  the  upper  edge  of  the  vertical  plate  or  wall,  as 
shown  in  the  accompanying  engraving. 
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The  whole  structure  will  be  strengthened  by  verti- 
cal ribbed  horizontal  girders,  to  insure  stiffness  and 
locality  by  T  and  angle-irons.  It  will  be  anchored 
laterally  by  anchors,  the  chains  of  which  will  pass 
through  hawse-pipes  in  the  lower  edge,  up  through 
the  floating  drum,  by  means  of  water-tight  pipes,  to 
the  upper  edge,  where  they  will  be  fastened,  and 
where  they  may  be  tightened  or  slackened  as  may  be 
necessary.  The  chains  may  also  have  weights  at- 
tached to  them  to  take  up  the  slack  at  low  water. 

The  floating  power  will  be  made  so  great  that  the 
horizontal  force  or  pressure  of  the  water  at  the  top 
will  not  be  sufficient  to  submerge  the  structure,  which 
will  be  made  in  sections  of  convenient  length,  con- 
nected by  hinges  to  admit  of  a  slight  lateral  move- 
ment. When  waves  strike  at  the  top,  the  structure 
will  only  yield  to  a  slight  degree,  owing  to  the  great 
surface  exposed  to  the  still  water  on  the  opposite  side, 
and  the  force  of  the  waves  will  be  almost  completely 
checked. 

This  breakwater  may  be  made  in  sections  of  300 
feet  long  by  60  feet  deep,  44  feet  of  which  will  be 
under  water  ;  each  section  will  weigh  about  500  tons, 
and  cost  about  $50,000,  inclusive  of  anchors,  chains, 
etc. 


Golden  fortunes  may  be  inherited  or  acquired  by 
chance  speculation,  a  mine  of  the  precious  metals  may 
be  discovered  by  diligent  search,  or  accidentally  opened 
by  pulling  a  bush  from  the  mountain  side;  but  no 
stock  of  mental  culture,  in  any  particular  or  in  any 
general  science,  was  ever  acquired  but  by  implanting 
in  the  memory,  hour  by  hour  and  day  by  day,  the 
precious  grains  of  truth. 
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UNITED  STATES  MEASURES  AND  WEIGHTS. 

ACCORDING  TO  ACT   OF  1866. 


Measures  of  Length. 


Denomina- 
tions 

and  Values  ; 

Equivalents 
in  Use. 

Myriameter. 

10,000  meters 

6.2137  miles. 

Kilometer... 

1,000  meters 

.62137     mile 
or  3.28  feet 
and  10  in. 

Hectometer. 

100  meters 

328   feet    and 
1  inch. 

Decameter.  . 

10  meters 

393.7  inches. 

Meter 

1  meter 

39.37  inches. 

Decimeter  . . 

1-10  of  a  meter 

3.937  inches. 

Centimeter.. 

1-100  of  a  meter 

.3937  inch. 

Millimeter.. 

1-1000  of  a  meter 

.0394  inch. 

Measures  of  Surface. 


Denomina- 
tions 

and  Values  ; 

Equivalents 
in  Use. 

Hectare 

Are 

Centare 

10,000  square  meters 

.100  square  meters 

1  square  meter 

2.471  acres. 
119.6  sq.  yds. 
1550sq.ins.  or 
1.19  sq.  yds. 

Measures  of  Volume. 


Denominations  and  Values  ;  Equtv'ts  in  Use 


Kiloliter  ) 
or  Stere  ) 


Decaliter. 

Liter 

Deciliter . 


Centilliter. 
Milliliter.. 


No.  of      Cubic 
Liters    Measure. 


1-100 
1-1000 


1-10  c.  m. 

10  c.  decim 
1  c.  decim. 
1-10  c.  de- 
cimeter 
10  c.  decim 

1  c.centim. 


Dry     ILiq'd  or 
Mea're.  Wi'e  M. 


1.308  cu.  264.17  g. 

yards  I 
2  h.  and  26.417  g. 
3.35  pW 

9.08  qts.  2.6417  g. 
.908  qt.  1.0667  q. 
6.1022  c.  .845  gill 

inches 


.6102  cu. 

inch 
.061    cu. 

inch 


'id 


27  fluid 


Denominations  and  Values  ; 

Equiva'ts 
in  Use. 

Weight      of 

Number 

Volume   of 

A  vo  i  r- 

Names. 

of 

Water     at 

dup  oi  s 
Weight. 

Grams. 

its  Maxi'm 

Density. 

Millier   or     ) 
Tonneau     J 

1,000,000 

1  cu.  meter 

2204.6  lbs. 

Quintal 

100,00c 

1  hectoliter 

220.46  lbs. 

Myriagram... 

10,000 

10  liters 

22.046  lbs. 

Kilogram   ) 
or  Kilo       J" 

1,000 

1  liter 

2.2046  lbs. 

Hectogram.... 

100 

1  deciliter 

3.5274  ozs. 

Decagram 

10 

10  c.  centim. 

.3527  ozs. 

Gram 

1 

1  c.  centim. 

15.432  grs. 

Decigram 

1-10 

1-10  of  a  cu. 
centimeter 

1.5432  grs. 

Centigram.... 

1-100 

10  c.  milliin. 

.1543  gr. 

Milligram 

1-1000 

1  c.  millim'r 

.0154  gr. 

For  Measuring  Surfaces,  the  square  decameter 
is  used  under  the  term  of  are  ;  the  hectare,  or  100 
ares,  is  equal  to  about  2  acres. 

The  Unit  of  Capacity  is  the  cubic  decimeter  ot 
liter,  and  the  series  of  measures  is  formed  in  the 
same  way  as  in  the  case  of  the  table  of  length. 

The  cubic  meter  is  the  unit  of  measure  for  solid 
bodies,  and  is  termed  stere. 

The  Unit  of  Weight  is  the  gram,  which  is 
the  weight  of  one  cubic  centimeter  of  pure  water 
weighed  in  a  vacuum  at  the  temperature  of  4  de- 
grees Centigrade,  or  30  degrees  .2  Fahrenheit, 
which  is  about  its  temperature  of  maximum 
density. 

In  practice,  the  term  cubic  centimeter,  abbre- 
viated c.  c,  is  used  instead  of  milliliter,  and  cubic 
meter  instead  of  kiloliter. 

Equivalents  of  Old  and  New  U.  S.  Measures. 


Length. 

Meters. 

Surface. 

Sq.  Meters. 

1  inch    equal 

.02540005 

1  inch  eqi 

al    .000645161 

1  foot        " 

.3048006 

1  foot      ' 

.092903184 

1  yard      " 

.9144018 

1  yard     ' 

.836128656 

1  chain     " 

20.1168396 

1  rod       ' 

25.292891844 

1  furlong  " 

201.168396 

1  rood     ' 

1011.71567376 

1  mile       " 

1609.347168 

1  acre     ' 

4046.86269504 

Volume. 

Liters. 

Weight. 

Grams. 

1  fluid  dr.  eq' 
1  fluid  oz.    " 

1    .0036967 

1  grain     eq'l      .0648004 

.0295739 

1  scruple 

f<        1.296008 

1  fluid  lb.    " 

.35488656 

1  dwt. 

"      1.5552096 

1  gill 

.1182955 

1  drachm 

"        3.888024 

1  wine  pint  " 

.4731821 

1  oz.  (T'y 

"      31.104192 

1  dry  quart  " 

1.1012344 

1  oz.  (Av: 

"       28.350175 

1  wine  qt.     " 

.9463642 

1  pound 

"        453.6028 

1  wine  gal.  " 

3.7854579 

1  ton 

"  1016070.272 

Note. —  A  square  meter  is  1549.9969  square 
inches  ;  but  by  act  of  Congress  it  is  declared  to  be 
1550  square  inches  ;  hence  the  liter  (cubic  deci- 
meter) equals  61.023,377,953  cubic  inches.  In  the 
act  of  Congress,  a  liter  is  declared  to  be  61.022 
cubic  inches,  which  is  erroneous,  as  here  shown, 
by  the  .001+ of  an  inch. 

A  CUBIC  FOOT  IS  EQUAL  TO 

1728  cubic  inches. 

.037037  cubic  yards. 

.002832  myrioliter,  or  decastere. 

.028320  kiloliter,  or  cubic  meter  or  stere. 

.283202  hectoliter,  or  decistere. 

2.83202  decaliters,  or  centisteres. 

28.3202  liters,  or  cubic  decimeters. 

283.202  deciliters. 

2832.02  centiliters. 

28320.2  milliters,  or  cubic  centimeters. 

.803554  U.  S.  struck  bushel  of  2150.42  cubic  inches, 

or  1.24445  cubic  feet. 
3.21426  U.  S.  pecks. 

7.48052  U.  S.  liquid  gallons  of  231  cubic  inches. 
6.42851  U.  S.  dry  gallons. 
29.92208  U.  S.  liquid  quarts. 
25.71405  U.  S.  dry  quarts. 
59.84416  U.  S.  liquid  pints. 
51.42809  U.  S.  drv  pints. 
239.37662  U.  S.  gills. 
.26667  flour  barrel  of  3  struck  bushels. 
.23748  U.  S.  liquid  barrel  of  31  1-2  gallons. 

A  millimeter  is  the  1-25  part  of  an  inch,  nearly. 
A  centimeter  is  full  3-8  of  an  inch. 
A  meter  is  3  feet  3  3-8  inches,  nearly — being  too 
long  by  only  1  part  in  6062. 
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MICHAEL    FARADAY. 


MICHAEL  FAKADAY. 


Michael  Faraday  was  born  September  20th,  1791 ; 
the  son  of  a  blacksmith  in  Newington  Bntts,  Surrey, 
England.  He  died,  in  the  apartments  in  Hampton 
Court  Palace  which  the  queen  had  assigned  to  him, 
on  August  25th,  1867 ;  and  with  him  went  out  the 
brightest  light  which  had  radiated  through  the  chemi- 
cal and  physical  sciences  for  forty  years. 

In  1804,  at  the  age  of  thirteen,  and  with  a  scanty 
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education,  Faraday  was  sent  to.  a  bookbinder,  with 
whom  he  served  an  apprenticeship  of  eight  years. 
But  he  was  not  toiling  these  many  years  merely  upon 
the  outside  of  books.  A  copy  of  the  Encyclopedia 
Britannica,  sent  to  be  bound,  riveted  Faraday's  at- 
tention ;  particularly  the  article  on  electricity.  Out 
of  an  old  bottle  he  constructed  his  first  electrical  ma- 
chine, and  out  of  a  medicine  vial  a  Leyden  jar,  and, 
thus  equipped,  he  began  to  experiment.  It  is  to  be 
observed,  however,  that  a  great  many  other  boys  have 
done  the  same  thing  without  growing  up  to  be  Fara- 
days.  Faraday  himself,  in  later  years,  attached  con- 
siderable importance  to  the  habit  which  he  acquired 
in  early  life  of  repeating,  as  far  as  he  was  able,  the 
experiments  of  which  he  read  in  chemistry  and  elec- 
tricity. 

In  1812,  Faraday  was  invited  to  the  Royal  Institu- 
tion, to  hear  Sir  Humphry  Davy  lecture.  He  took 
notes  at  these  lectures,  which  he  afterward  sent  to 
Davy,  asking  at  the  same  time  his  assistance  to  escape 
from  trade  and  dedicate  himself  to  science.  Davy, 
who  was  then  at  the  zenith  of  his  transcendent  popu- 
larity, had  the  time  and  the  disposition  to  encourage 
the  youthful  aspirant,  and  in  March,  1813,  Faraday 
became  chemical  assistant  in  the  laboratory  of  the 
Royal  Institution.  Mr.  Gilbert  Davies,  who  had  him- 
self detected  the  genius  of  Davy  in  the  obscure  home 
of  a  Cornish  carver  at  Penzance,  has  said  of  the  illus- 
trious Davy  that  the  greatest  of  all  his  discoveries 
was  the  discovery  of  Faraday. 

Faraday  began  his  career  of  original  investigation 
in  1816,  with  a  successful  analysis  of  a  specimen  of 
caustic  lime  from  Tuscany.  Since  that  time,  his  con- 
tributions to  science  flowed  on  in  a  steady  stream,  so 
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oroad  and  so  deep  that  every  province  in  chemistry 
and  physics  has  felt  the  reviving  influence.  In  acous- 
tics, we  recall  his  researches  on  the  sand  figures  and 
lycopodium  heaps  of  vibrating  plates,  or  musical 
flames,  and  Trevelyan's  experiment  with  a  heated 
metal ;  in  optics,  we  are  reminded  of  his  papers  on 
aerial  perspective,  on  ocular  deceptions  produced  by 
rotating  wheels,  on  the  relation  of  gold  and  other 
metals  to  light,  on  the  borosilicate  of  lead  or  heavy 
glass ;  and  of  his  services  on  the  committee  to  which 
he  was  appointed  in  1824,  with  Herschel  and  Dolland, 
by  the  Royal  Society,  to  suggest  improvements  in  the 
manufacture  of  glass  for  telescopes,  and  his  valuable 
report  upon  the  methods  of  manufacturing  glass ;  in 
general  and  molecular  physics,  we  remember  his.  la- 
bors and  discoveries  on  the  limit  to  evaporation,  on 
the  temperature  of  vapors,  and  their  solidification,  on 
their  passage  through  capillary  tubes,  on  the  pneuma- 
tic paradox  of  Clement  Desormes,  on  vegetation ;  in 
practical  science,  we  are  indebted  to  him  for  sugges- 
tions, experiments,  inventions,  or  discoveries  on  ven- 
tilation, illumination,  fumigation,  gunnery,  on  India- 
rubber  and  the  alloys  of  steel,  on  the  prevention  of 
explosions  in  collieries,  on  the  extinguishment  of  blaz- 
ing houses,  on  sustaining  a  prolonged  breath  in  a  dan- 
gerous atmosphere,  and  on  the  false  pretensions  of 
spirit-rappings  and  table-turnings. 

In  1825,  Faraday  discovered  benzole,  to  which, 
says  Hoffman,  "  we  virtually  owe  our  supply  of  ani- 
line, with  all  its  magnificent  progeny  of  colors." 

This  meagre  enumeration,  in  which  years  of  intel- 
lectual activity  are  registered  in  as  many  lines,  indi- 
cates the  exceeding  great  versatility  of  Faraday's  ge- 
nius.     Nevertheless,  chemistry  and  electricity  were 
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his  favorite  if  not  his  absorbing  pursuits,  from  the 
beginning  to  the  end  of  the  half-century  which  his 
discoveries  have  made  so  brilliant.  And  of  these  two 
chemistry  served  him,  but  electricity  commanded  him. 
It  is  impossible  in  this  place  to  specify,  much  less  to 
analyze,  the  varied  researches  of  Faraday  in  chemis- 
try and  electricity. 

In  1820,  Oersted  set  up  one  of  those  milestones 
which  stand  forever  in  the  history  of  science,  by  his 
inauguration  of  electro-magnetism.  Many  pressed 
into  the  ranks  to  pursue  the  new  discovery  to  its  con- 
sequences, and  Faraday  among  the  foremost.  He 
adapted  the  reaction  between  the  current  of  electrici- 
ty in  the  conductor  and  the  magnet  to  the  production 
of  a  continuous  revolution- — a  stupendous  novelty 
then,  without  a  parallel  in  mechanics  nearer  than  the 
heavenly  bodies. 

Science  had  been  in  possession  of  voltaic  electricity 
for  forty  years ;  its  most  powerful  instruments  had 
been  wielded  by  Davy,  Hare,  and  Silliman ;  statical 
induction  was  a  familiar  fact ;  but  it  was  reserved  for 
Faraday  first  to  see  with  his  own  eyes  the  external  in- 
fluence of  current  electricity.  Henry's  induced  cur- 
rents of  the  higher  orders ;  Page's  devices  for  exalt- 
ing the  intensity  of  induced  currents,  and  their  appli- 
cation to  therapeutics ;  RuhmkorfPs  coil,  and  its  va- 
rious adaptations  to  blasting,  lighting,  etc. — all  these 
had  their  origin  in  Faraday's  discovery  of  voltaic  in- 
duction. 

On  the  20th  of  November,  1845,  Faraday  read  to 
the  Royal  Society  of  London  his  startling  discovery 
of  the  "  Magnetization  of  Light  and  the  illumination 
of  Magnetic  Lines  of  Force."  This  discovery,  from 
its  delicacy  and  novelty,  deserves  to  take  rank  as 
Faraday's  greatest. 
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More  than  thirty  years  before,  Seebeck  and  Brew- 
ster had  succeeded  in  imparting  to  common  glass,  by 
pressure  or  heat,  the  depolarizing  structure  of  crys- 
tals. It  was  reserved  for  Faraday  to  imitate,  partial- 
ly, the  quartz-like  structure  of  oil  of  turpentine,  and 
its  strange  power  of  circular  polarization,  by  subject- 
ing his  heavy  glass,  and  even  water,  to  the  influence 
of  strong  magnets.  This  discovery  was  followed  by 
others,  in  rapid  succession,  extending  over  a  period  of 
five  years ;  all  of  which  are  included  in  his  compre- 
hensive classification  of  substances  into  magnetics  and 
diamagnetics.  A  compass-needle  made  out  of  a  dia- 
magnetic  would  point  east  and  west,  where  an  ordinary 
compass-needle  would  point  north  and  south.  As 
oxygen  is  powerfully  magnetic,  Faraday  labored  hard 
to  show  that  it  was  superfluous  to  seek  for  the  cause 
of  terrestrial  magnetism,  or  at  least  of  its  fluctuations, 
outside  of  the  earth's  atmosphere.  The  antagonistic 
properties  of  magnetism  and  diamagnetism  are  influ- 
enced by  crystallization.  Faraday  proved  this  for  bis- 
muth, antimony,  and  arsenic,  as  Plficker  did  for  the 
optical  axes  of  crj^stals. 

In  1854,  as  Faraday  was  approaching  the  close 
of  his  long  period  of  active  service,  he  delivered 
a  lecture  at  the  Royal  Institution,  under  extraor- 
dinary circumstances,  on  Mental  Education.  This 
lecture  deserves  special  commemoration,  inasmuch 
as  Faraday  regarded  the  views  expressed  in  it 
both  as  cause  and  consequence  of  his  own  experi- 
mental life.  We  here  see  that  faith,  humility, 
patience,  labor  of  thought,  mental  discipline,  well- 
educated  senses,  had  all  conspired  to  make  him  a 
fit  high-priest  of  science.  But  he  says  that  "  this 
education  has,  for  its  first  and  its  last  step,  humility." 
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Brilliant  as  were  liis  triumphs,  they  were  won  by 
hard  work.  His  whole  scientific  life  was  one  protract- 
ed campaign,  and  that  was  a  war  of  posts  and  not  a 
succession  of  brilliant  charges.  He  prized  the  recog- 
nition of  academies  and  universities,  but  not  the  in- 
signia of  rank.  Without  leisure  for  fashionable  so- 
ciety, he  enjoyed  preaching  to  the  humble  sect  of 
Christians  to  which  he  belonged  as  much  as  lecturing 
before  princes  and  nobles,  either  of  birth  or  of  intel- 
lect, at  the  Royal  Institution. 

It  is  much  to  say  of  him  that  he  declined  all  hon- 
ors and  rewards  which  were  foreign  to  his  scientific 
character  ;  that,  when  he  might  have  amassed  a  for- 
tune of  £150,000  by  applying  old  discoveries  to  com- 
mercial uses,  he  preferred  to  concentrate  his  whole 
mind  on  the  discovery  of  new  truth,  dying  poor  and 
leaving  a  widow  dependent  on  a  small  pension,  which, 
in  noble  imitation  of  his  example,  she  refused  to  have 
increased. 

The  foregoing  extracts  are  from  the  interesting 
biographical  sketch  by  Professor  Joseph  Lovering. 


THE   SAND-BLAST  PROCESS   OF  CUTTING 
HARD  SUBSTANCES. 

BY   BENJAMIN   C.    TILGHMAN,    OF    PHILADELPHIA,    PA. 

LETTERS  PATENT  NO.   108,408. 

In  this  process  a  stream  of  sand  is  introduced  into 
a  rapid  jet  of  steam  or  air  so  as  to  acquire  a  high  ve- 
locity, and  is  then  directed  upon  any  hard  or  brittle 
substance  so  as  to  cut  or  wear  away  its  surface. 

For  ordinary  rough  work,  sach  as  cutting  stone, 
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where  a  considerable  quantity  of  material  is  to  be  re- 
moved, a  steam-jet  of  from  60  to  120  lbs.  pressure 
has  generally  been  used  as  the  propelling  agent.  The 
sand  is  introduced  by  a  central  tube  of  about  £  inch 
bore,  and  the  steam  issues  from  an  annular  passage 
surrounding  the  sand-tube,  on  the  principle  of  the 
Giffard  injector.  The  impetus  of  the  steam  then 
drives  the  sand  through  a  steel  tube  f  inch  bore  and 
about  6  inches  long,  imparting  velocity  to  it  in  the 
passage,  and  the  sand  finally  strikes  upon  the  stone, 
which  is  held  about  1  inch  distant  when  a  deep  nar- 
row cut  is  desired,  but  may  be  18  or  24  inches  distant, 
when  a  broad  surface  is  to  be  operated  on. 

To  produce  ornaments  or  inscriptions  on  stone, 
either  in  relief  or  intaglio,  a  stencil  of  iron  or  caout- 
chouc is  held  or  cemented  to  the  stone,  and  the  sand- 
jet  is  moved  with  an  even  and  steady  motion  over 
the  whole  surface,  so  that  all  the  exposed  parts  may 
be  cut  to  the  same  depth. 

The  skill  and  time  of  the  artist  may  be  devoted 
exclusively  to  making  the  stencil ;  this  being  pre- 
pared, the  most  elaborate  and  intricate  designs  can 
be  cut  as  rapidly  as  the  most  simple. 

The  durability  of  caoutchouc  as  compared  with 
stone,  under  these  circumstances,  is  remarkable.  A 
stencil  made  of  a  sheet  of  vulcanized  caoutchouc 
about  TV  inch  thick,  exposed  to  sand,  driven  by  50 
lbs.  steam  at  2  feet  distance,  has  lasted,  with  scarcely 
perceptible  wear,  while  50  cuts  were  made  in  marble, 
each  cut  being  about  J  inch  deep,  or  about  12 J  inches 
in  all,  or  200  times  the  thickness  of  the  caoutchouc. 
With  a  supply  of  steam  equal  to  about  1J  horse- 
power, at  a  pressure  of  about  100  lbs.,  the  cutting 
effect  per  minute  was  about  1J  cubic  inches  of  gra- 
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nite,  or  4  cubic  inches  of  marble,  or  10  cubic  inches 
of  rather  soft  sandstone. 


Fiq.l 


TELGHMAN  S  SAND-BLAST  FOR  ENGRAVING,   ETC. 

Sand  driven  by  an  air-blast  of  the  pressure  of  four 
inches  of  water  will  completely  grind  or  depolish 
the  surface  of  glass  in  ten  seconds.  If  the  glass  is 
covered  by  a  stencil  of  paper  or  lace,  or  by  a  design 
drawn  in  any  tough  elastic  substance,  such  as  half- 
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dried  oil,  paint,  or  gum,  a  picture  will  be  engraved  on 
the  surface. 

Photographic  copies  in  bichromated  gelatine,  from 
delicate  line  engravings,  have  been  thus  faithfully  re- 
produced on  glass.  In  photographic  pictures  in  gela- 
tine, taken  from  nature,  the  lights  and  shadows  pro- 
duce films  of  gelatine  of  different  degrees  of  thickness. 
A  carefully  regulated  sand-blast  will  act  upon  the 
glass  beneath  these  films  more  or  less  powerfully  in 
proportion  to  the  thickness  of  the  films,  and  the  half 
tones  or  gradations  of  light  and  shade  are  thus  pro- 
duced on  the  glass. 

If  we  apply  the  sand-blast  to  a  cake  of  brittle  pitch 
or  resin  on  which  a  picture  has  been  produced  by 
photography  in  gelatine,  or  drawn  by  hand  in  oil  or 
gum,  the  bare  surface  of  the  material  may  be  cut 
away  to  any  desired  depth.  The  lines  left  in  relief 
will  be  well  supported,  their  base  being  broader  than 
their  top,  and  there  being  no  under-cutting,  as  is  apt 
to  occur  in  etching  on  metal  with  acid.  An  electro- 
type from  this  matrix  can  be  printed  from  in  an  or- 
dinary press.  The  sand-blast  has  been  applied  to 
cutting  types  and  ornaments  in  wood,  cleaning  metals 
from  sand,  scale,  etc.,  and  to  a  variety  of  other  pur- 
poses. 

Various  forms  of  apparatus  may  be  used  to  execute 
the  work.  In  our  engraving,  Figure  1  shows  a  device 
for  roughing  sheet-glass.  The  air-blast  is  produced 
by  the  fan  below,  and  the  air  rises  through  the  curved 
tube,  carrying  the  sand  up  with  it,  which  is  thrown 
into  the  air-tube  by  an  endless  belt  of  scoops  arranged 
in  the  lower  part  of  the  angular  box.  The  sand  is 
carried  up  by  the  air  and  brought  over  and  down  the 
front  air  tube,  where  it  discharges  with  great  force 
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upon  the  surface  of  the  glass,  which  is  contained  with- 
in the  front  box  and  is  carried  by  a  belt  gradually 
forward  under  the  sand-blast.  The  sand  falls  from 
the  glass  into  the  lower  part  of  the  angular  box, 
where  it  is  scooped  and  thrown  again  into  the  air- 
current. 

.1 


tughman's  sand-blast  for  engraving,  etc. 

Another  form  of  apparatus  for  boring  or  engraving 
is  shown  in  Figure  2,  and  the  sand  is  driven  in  this 
case  by  steam,  on  the  principle  of  the  Giffard  injector. 
The  sand  descends  through  a  tube  from  the  hopper, 
and  in  its  course  the  vertical  sand-pipe  is  joined  by  a 
lateral  steam  or  air-pipe,  which  gives  a  sudden  im- 
pulse to  the  sand  and  drives  it  down  upon  the  glass 
below  with  tremendous  force.  The  sand-tube  is 
flexible,  its  extremity  is  carried  on  rollers,  by  which 
it  may  be  moved  back  and  forth  to  suit  the  require- 
ments of  the  work. 
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COLOE-TYPES. 


Novel  method  of  producing  colored  prints,  by 
Moritz  Laemmel,  Bay  Ridge,  N.  Y. 

This  invention  consists  in  printing  many-colored 
designs  at  one  operation  by  means  of  a  block  made 
in  sections,  each  section  corresponding  to  one  of  the 
colors  of  the  design  to  be  produced,  so  that,  when 
said  block  is  depressed  on  paper  or  other  material, 
each  section  of  the  same  will  produce  an  impression 
in  that  color  which  it  represents.  The  block  used  in 
carrying  out  this  invention  is,  by  preference,  composed 
of  sections  made  of  resin,  colored  as  required,  and 
brought  to  the  required  shape  by  dies  or  moulds  cor- 
responding to  the  various  designs  to  be  produced. 

In  carrying  out  my  invention,  I  take  resin,  heat  it, 
and  thin  it  with  spirit  of  turpentine  ;  then  I  mix  the 
mass  with  coloring  matter,  one  portion  being  made 
blue,  another  red,  another  green,  and  so  on  according 
to  the  work  to  be  produced.  After  the  coloring  mat- 
ter has  been  uniformly  mixed  with  the  solution  of 
resin  I  evaporate  the  spirit  of  turpentine  to  such  an 
extent  that  the  colored  resin  assumes  the  state  of 
hard  bees-wax ;  then  I  heat  it  slightly  and  form  the 
various  colors  in  blocks  of  the  desired  shape,  and 
these  blocks  I  combine  into  one  block,  which  is  set  in 
a  metal  frame  of  the  required  form.  The  block  thus 
produced  shows  on  its  face  the  color  of  all  the  sec- 
tions used  to  form  the  same,  and  when  this  face  has 
been  ground  off,  the  block  is  ready  for  printing.  The 
paper  on  which  I  print  from  my  combination  block  is 
slightly  dampened  with  spirit  of  turpentine,  and 
when  the  face  of  the  block  is  depressed  on  the  damp- 
ened paper  the  coloring  matter  adheres  to  the  paper, 
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and  a  print  is  produced  showing  all  the  colors  on  the 
block.  The  metal  frame  which  embraces  the  print- 
ing-block must  be  so  constructed  that  it  slides  back  as 
the  block  wears  off.  The  surface  of  the  print  may  be 
protected  by  a  coat  of  albumen  or  other  suitable  ma- 
terial, so  that  spirit  of  turpentine  will  not  wash  off 
the  color. 

It  is  obvious  that  other  materials  might  be  used  for 
preparing  the  blocks  besides  resin ;  and  I  do  not  con- 
fine myself  to  any  particular  material,  though  I  find 
that  a  block  prepared  as  above  described  gives  a  good 
result. 

What  I  claim  as  new,  is : 

1.  A  block  for  printing  many  colors  at  one  opera- 
tion, said  block  being  produced  of  sections  made  of 
resin,  colored  as  required,  and  brought  in  the  re- 
quired shapes,  all  as  set  forth. 

2.  The  method,  herein  described,  of  printing  many- 
colored  designs  at  one  operation  by  means  of  a  block 
made  in  sections,  each  section  corresponding  to  one 
of  the  colors  of  the  design,  substantially  as  herein 
set  forth. 


THE  BUKNING  OF  CHICAGO. 

The  year  1871  was  rendered  sadly  memorable  by 
the  occurrence  of  the  most  disastrous  conflagration 
recorded  in  human  history — the  burning  of  the  pros- 
perous city  of  Chicago,  in  the  month  of  October.  A 
very  large  fire,  involving  the  destruction  of  a  number 
of  great  warehouses,  with  much  valuable  property, 
and  requiring  exhaustive  labor  on  the  part  -x  the 
fire  department,  had  occurred  during  the  night  and 
day  previous   to  the  greater   calamity  which  forms 
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the  subject  of  our  record.  The  firemen  were,  there- 
fore, not  in  their  best  condition  to  cope  with  the 
furious  flames  that  at  last  destroyed  the  city,  and 
which  broke  out  at  a  quarter  before  nine  o'clock  on 
Sunday  night,  October  8th,  1871,  and  raged  until 
the  Tuesday  afternoon  following — almost  forty-eight 
hours. 

The  total  area  burned  over  in  the  city,  including 
streets,  was  2124  acres,  or  very  nearly  3  1-3  square 
miles.  The  number  of  buildings  destroyed  was  17,450 ; 
of  persons  rendered  homeless,  98,500. 

More  than  250  persons  lost  their  lives  during  the 
fire,  being  killed  by  falling  walls,  suffocation,  or  the 
sudden  surrounding  by  flames  of  all  avenues  of  escape. 

Previous  to  the  fire,  the  total  number  of  buildings 
in  the  city  was  59,450,  of  which  42,000  remained 
after  the  fire,  or  seventy  per  cent.  But  the  buildings 
consumed  covered  the  heart  of  the  city,  and  embraced 
all  the  most  valuable  edifices ;  so  that  in  actual  mo- 
ney value,  the  loss  in  buildings  was  fifty  per  cent. 

All  the  banks,  hotels,  railway  depots,  telegraph 
and  express  offices,  together  with  eighty  blocks  of 
warehouses  and  business  establishments,  a  majority  of 
the  churches  and  the  best  private  residences  were  con- 
sumed. To  add  to  the  horror  of  the  conflagration,  in 
the  midst  of  its  greatest  fury  the  water  supply  ceased. 
By  some  fatal  negligence,  the  windows,  doors,  and 
great  roof  of  the  engine  establishment  had  not  been 
constructed  in  a  fire-proof  manner,  and  became  a  prey 
to  the  flames. 

The  engineers  stood  nobly  to  their  posts ;  and,  al- 
though nearly  suffocated,  kept  the  engines  in  motion 
until  the  timbers  overhead  began  to  fall,  when  they 
were  obliged  to  raise  the  safety-valves  and  fly  for 
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their  lives.  The  roof  soon  after  fell  in.  The  engines 
and  pumps,  most  admirable  specimens  of  mechanism, 
although  damaged,  were  not  permanently  injured. 
As  soon  as  the  fire  was  out,  a  force  of  three  hundred 
machinists  were  set  to  work,  and  within  ten  days  the 
engines  were  again  at  work,  and  the  city  fully  sup- 
plied with  water. 

buildings  destroyed.  Hardware,  iron,  and  other 

Ei^St^siness  blocks' enu"  *s  .1  n  nno  <*££&  ™'a  teasV. .:::::::  $tSSoS 

merated  . . .  $3,515,000    Wholesaie  clothing 3  660,000 

Railroad      depots,      ware-  Jewelrv  ptr  1  Wnnn 

^^tt^Z^^Y  2,700'°00     MSfc^-efe.V;  ioO.000 

Hotels  (some  not  enumerat-                      Books  on  sale 1.145.000 

Theatres  etc Soo    MiUinexy 1,610,000 

U^ v    rfewSaners' '  ^offices                        SSts"  caPs'  and  furs 1,060,000 

°2jBX£?  .^    1.008,4,0    oSS^cS^SL.  18«™ 

SSSSSSf  SSL9 ::::  M!    ^«-  «w« 

Pnblic  schools  and  contents       249,780  *««  7nn  nnn 

Other  public  buildings,  not  fKMWMWU 


taxed 2,121, 


PERSONAL  EFFECTS  DESTROYED. 


Other  public  property 1,763,000    Household  property $41  000,000 

Total  buildings $53,000,000  ^™ripVWOr^r^^  10,000.000 

produce,  etc.,  destroyed.  Libraries,  public  and  private    2,010,000 

™             ™            ,                     *      ~~n  Money  lost  (Custom-house, 

Flour.  15.000  barrels $97,500       $2,130,000) 5,700,000 

Grain,  (1.642,000 bushels,)be-  *^      '     '  \ 

sides  private  warehouse. .     1,245,000  «5«  710  noo 

P  ovisions.  4,400,000  pounds        340,000  *    '      ' 

Lumber,  65,000,000,  in  yards    1,040,000  gen  =  ral  summary. 

Coal,  80,000  tons 600,000  Improvements     (buildings, 

Other  produce 1,940,000       etc.) $53,000,000 

A    n/.n  „nn    Produce,  etc 5,262,500 

$5,262,o00    Manufactures 13,255,000 

Not  less  than  860  produce  coionds-  °S'S^: ; ; ;  «$$> 

sion  offices  were  burned  out.  Miscellaneous 378,000 


BUSINESS  GOODS  DESTROYED. 


Grand  total $196,000,000 

Dry  goods $13,500.00  Salvage 4,400,000 

Drugs 1,000,000  

Boots,  shoes,  leather,  etc. . .    5,175,000  Total  actual  loss $192,000,000 

The  insurances  amounted  to  $100,000,000;  but 
many  of  the  strongest  insurance  companies  were  ren- 
dered wholly  bankrupt,  and  others  were  able  to  pay 
but  a  small  part  of  their  policies.  The  total  collecti- 
ble insurances  were  $35,000,000. 

In  aid  of  the  suffering  poor,  contributions  were 
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poured  in  from  all  parts  of  the  world,  amounting  in 
the  aggregate  to  $3,500,000.  Of  this  sum  nearly  one 
fifth  was  sent  from  the  single  State  of  Massachusetts. 
In  the  north  division  of  the  city  the  devastation 
was  the  most  wide-spread,  fully  1470  acres  being 
burned  over  out  of  the  2533^  acres  in  that  division. 
And  even  this  statement  fails  to  convey  an  idea  of  the 
wholesale  destruction  wrought  there,  because  the  terri- 
tory unburned  was  unoccupied.  Had  there  been  any 
except  widely-scattered  structures  in  the  unburned 
portion,  they,  too,  would  have  been  destroyed  ;  as  the 
fire  licked  up  all  in  its  path,  and  paused  only  when 
there  was  no  more  food  whereon  to  whet  its  insatia- 
ble appetite.  Of  the  13,800  buildings  in  that  division, 
not  more  than  500  were  left  standing,  leaving  13,300 
in  ruins,  and  rendering  74,450  persons  homeless.  The 
buildings  burned  included  more  than  600  stores,  and 
100  manufacturing  establishments,  the  latter  being 
principally  grouped  in  the  south-western  part  of  this 
division.  That  part  next  the  lake,  as  far  north  as 
Chicago  avenue,  was  occupied  by  first-class  resi- 
dences, of  which  only  one  was  left  standing — that 
of  Mahlon  D.  Ogden.  Next  north  of  these  was  the 
Water- Works,  and  this  was  the  initial  point  of  a  line 
of  breweries  that  stretched  out  almost  to  the  ceme- 
tery. The  river  banks  were  piled  high  with  lumber 
and  coal,  which  was  all  destroyed  except  a  portion 
near  the  bend  of  the  river,  at  Kinzie  street.  The 
space  between  the  burned  district  and  the  river,  to 
the  westward,  contained  but  little  improved  property. 
Lincoln  Park  lay  to  the  northward,  on  the  lake  shore. 
The  fire  burned  up  the  southern  part  of  this  park — 
the  old  cemetery — but  left  the  improved  part  un- 
touched, except  a  portion  of  the  fencing.    One  of  the 
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saddest  among  the  many  sad  scenes  that  met  the  eye 
after  the  conflagration  had  done  its  work,  was  that  in 
the  old  cemetery — the  flames  had  even  made  havoc 
among  the  dead,  burning  down  the  wooden  monu- 
ments, and  shattering  stone  vaults  to  fragments,  leav- 
ing exposed  many  scores  of  the  remnants  of  mortality 
that  had  mouldered  for  years  in  oblivion. 

CURIOUS   FACTS    CONCERNING-   THE   FIRE. 

Heavy  iron  rails,  for  the  street  railway-cars,  care- 
fully bolted  to  timbers  in  the  middle  of  the  streets, 
were  so  greatly  heated  by  the  burning  buildings,  even 
when  the  walls  fell  in  the  opposite  direction  from 
them,  that  the  rails  were  raised  up  in  the  centre  from 
one  to  two  feet,  all  the  centre  bolts  being  drawn, 
while  the  ends  remained  intact.  Thus  they  were 
found  after  the  fiery  tempest  passed  over,  and  so  re- 
mained till  removed  by  the  workmen  to  reconstruct 
the  street  railway. 

PAVEMENTS. 

Noticeable  among  the  results  of  the  late  fire  was 
the  effect  upon  the  different  pavements.  The  Nicol- 
son  is,  in  many  places,  completely  honeycombed,  the 
fire  having  eaten  its  way  downward  into  as  much  of 
the  wood  as  was  dry  enough  to  burn. 

The  concrete  pavement,  which  had  been  laid  down 
in  small  patches,  by  way  of  experiment,  in  different 
parts  of  the  city,  endured  the  test  well,  and  is  to-day 
in  as  good  condition,  apparently,  as  before  the  fire. 
So  that,  as  regards  one  quality  at  least,  there  is  little 
chance  for  comparison  between  the  wooden  and  con- 
crete pavements,  so  great  is  the  advantage  in  favor  of 
the  latter.  And  there  occurs  no  convincing  reason 
why   the   concrete   should    not   be   more    generally 
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adopted.  In  the  instances  where  it  has  been  em- 
ployed, the  results  seem  to  have  been  very  satis- 
factory. The  wear  of  heavy  vehicles  has  produced 
little  impression  wherever  the  concrete  has  been  pro- 
perly laid;  and  the  surface  presented  is  even,  and 
well  adapted  to  the  transportation  of  heavy  loads. 
Appearances  certainly  indicate  that,  in  point  of  con- 
venience and  durability,  the  concrete  is  the  pavement 
for  the  future. 

Palmer's  great  hotel,  the  foundation  vaults  and 
and  first  floor  of  which  are  of  stone  and  iron  only, 
had  just  been  laid.  No  wood  on  the  premises.  A 
dealer  in  sewing-machines  was  so  confident  that  the 
arches  under  the  sidewalk  of  the  prospective  hotel 
would  be  perfectly  fire-proof,  under  any  circumstances, 
that  he  removed  his  machines  thither  so  soon  as  he 
considered  his  rooms  in  danger.  They  were  put  into 
the  arches  under  the  sidewalk,  protected  by  great 
new  flag-stones,  near  a  foot  thick  and  seven  feet 
above  them.  When  the  buildings  on  the  opposite 
side  of  State  street  burned,  although  their  walls  did 
not  fall  into  the  street,  yet  the  air  was  heated  so  in- 
tensely that  these  ponderous  pavement-stones  cracked 
and  broke  in  every  direction,  and  fell  in  on  the  sew- 
ing-machines. The  work  of  destruction  could  not 
have  been  more  complete  had  the  owner  of  the  ma- 
chines placed  them  on  the  sidewalk  beside  his  burning 
store. 

ROOFS. 

The  business  blocks  of  Chicago  were  covered, 
chiefly,  with  paper  coated  with  tar  and  gravel,  a  pre- 
paration commonly  known  as  felt  roofing.  Even  the 
"  fire-proof  "  Tribune  building  was  covered  with  this 
material,  which  has  been  in  general  use  throughout 
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the  United  States  for  a  number  of  years.  During 
the  progress  of  the  fire  it  became  very  evident  that 
these  roofs  assisted  materially  in  the  spread  of  the 
conflagration.  The  heat  was,  of  course,  intense ;  where 
adjacent  buildings  were  in  flames,  the  tar  melted,  and 
ignition  was  the  consequence ;  so  that  roofs  which  or- 
dinarily resist  fire,  in  this  instance  were  prime  aiders 
in  spreading  it. 

SAFES   AND    VAULTS. 

The  experience  of  the  late  fire  affords  much  infor- 
mation regarding  the  relative  merits  of  safes  and 
vaults,  for  the  preservation  of  papers  and  other  valua- 
bles. The  work  of  digging  out  safes  from  the  ruins, 
which  was  begun  as  soon  as  the  heat  of  the 
smouldering  pile  would  permit,  resulted  in  proving 
the  fact  that  safes,  however  well  constructed,  would 
not,  under  all  circumstances,  preserve  their  contents 
unharmed.  Those  placed  in  wooden  buildings,  as  a 
rule,  held  papers  and  books  in  good  condition ;  the 
materials  of  which  such  buildings  were  composed 
burned  so  quickly  and  entirely,  leaving  nothing  re- 
maining to  smoulder  and  retain  the  fire,  that  safes 
did  not  become  heated  through.  But  in  buildings  of 
brick  and  stone  the  result  was  more  unfortunate. 
The  safes  fell  among  masses  of  material  which  burned 
steadily,  and  gave  forth  intense  heat  for  days  after  the 
first  fire,  and  thwarted  any  attempts  made  at  removal. 
The  safes  lying  in  the  midst  of  such  heaps  of  fire  be- 
came intensely  heated  throughout,  and  when  efforts 
to  remove  and  open  them  were  finally  successful, 
their  contents  were  found  in  many  cases  to  be  ruined. 
Books,  papers,  and  bank-notes  still  retained  their 
form,  but  had  changed  to  black  in  color,  and  upon 
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the  slightest  touch,  crumbled  into  powder.  In  almost 
an  exact  proportion  to  the  length  of  time  they  had 
been  forced  to  remain  in  the  burning  ruins,  safes 
were  found  to  have  preserved  their  contents  uninjured, 
or  partially  or  totally  destroyed.  It  is  evident  that, 
while  a  well-constructed  safe  will  hold,  uninjured, 
books  and  papers,  for  a  time,  yet,  if  remaining  in  the 
fire  for  a  long  period,  no  one  yet  made  will  fulfill  its 
purpose. 

With  vaults  the  result  proved  entirely  different. 
In  nearly  every  instance,  well-built  vaults  held  their 
contents  intact.  Bricks  and  mortar  proved  excellent 
non-conductors  of  heat ;  and  upon  the  opening  of 
large  vaults  which  stood  for  some  days  in  the  midst 
of  fire,  their  interiors  were  found  scarcely  warm. 

The  Chicago  Tribune  suggests  the  erection,  in  that 
city,  upon  the  ball-grounds,  of  an  immense  monu- 
ment to  the  memory  of  a  number  of  worthless  institu- 
tions, late  of  that  city,  among  which  are  the  various 
fire  insurance  companies  that  proved  good  for  nothing 
in  the  hour  of  trial,  the  fire-proof  safe-builders,  whose 
wares  failed  at  the  critical  moment,  the  police  and  fire 
departments,  so  sadly  deficient  in  the  time  of  need,  etc. 
Says  our  contemporary, 

"  All  over  the  burnt  district  the  prostrate  forms  of 
hundreds  of  conquered  safes  are  lying,  where,  having 
faithfully  performed  their  duties  as  worthless  guar- 
dians of  property,  their  ungrateful  owners  have  aban- 
doned them  to  ignominy.  The  idea  of  building  a 
monument  from  them  is  novel  and  unique — more  so, 
perhaps,  than  the  monument  itself  will  be,  but  we 
must  not  grumble  at  appearances." 

A  plan  for  securing  safety  for  safes,  suggested  since 
the  Chicago  fire,  is  to  support  the  safe  by  a  rope  or 
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upon  a  slender  platform,  directly  over  a  well  in  the 
ground.  When  the  rope  or  platform  burns,  down  goes 
the  safe,  where  fire  can  not  burn,  where  thieves  can 
not  break  through  and  steal. 

THE    CHICAGO   WATER- WORKS. 

Our  sketch  shows  the  pumping-house  and  water- 
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tower.     The  latter  has  stood  uninjured  by  the  confla- 
gration. 

The  city  of  Chicago,  it  will  be  remembered,  is  sup- 
plied with  water  drawn  from  Lake  Michigan,  on  the 
shore  of  which  the  city  stands.  As  the  water  around 
the  city,  for  a  considerable  distance  from  the  shore,  is 
more  or  less  contaminated  with  sewerage  and  other 
refuse  matters,  resort  was  had  to  a  novel  expedient  to 
secure  a  supply  of  pure  water.  A  masonry  tunnel 
was  carried  out  from  the  shore,  under  the  bed  of  the 
lake,  for  a  distance  of  two  miles.  Over  the  outer  end 
of  this  tunnel  a  hollow  dock  was  erected  and  built 
up  above  the  surface  of  the  water,  and  upon  it  a  fine 
light-house  has  been  erected.  Within  the  dock  are 
suitable  valves,  by  which  the  pure  lake  water  is  ad- 
mitted to  the  tunnel.  The  lake  is  sixty  feet  deep 
where  the  dock  stands.  The  water  flows  from  the 
dock  through  the  tunnel  to  the  pumping-houses  in  the 
city — shown  in  our  sketch — where  it  is  raised  by 
pumps  to  a  height  sufficient  to  carry  it  through  all  the 
streets  and  buildings  of  the  city.  This  remarkable 
tunnel  was  begun  in  1864,  E.  F.  Chesbrough,  Esq., 
Engineer ;  completed,  and  the  water  let  in,  during  the 
spring  of  1867.  Three  pumping-engines  are  em- 
ployed, rated  seven  hundred,  five  hundred,  and  three 
hundred  horse-power ;  their  balance  or  driving-wheels 
twenty-four  feet  in  diameter,  and  weighing  thirty, 
twenty-one  and  a  half,  and  eighteen  tons  respect- 
ively. The  driving-wheel  of  the  largest  engine  makes 
from  twelve  to  fourteen  revolutions  per  minute,  and 
at  each  revolution  raises  one  thousand  gallons  of  wa- 
ter ;  its  capacity,  therefore,  is  about  eighteen  million 
gallons  every  twenty-four  hours,  and  the  average 
power  of  the  entire  machinery  is  some  thirty-eight 
million  gallons  daily. 
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PSYCHIC  FOECE. 

Among  the  interesting  incidents  of  1871  was  the 
publication  of  the  report  of  the  investigations  of  Dr. 
William  Crookes,  F.K.S.,  of  London,  into  the  pheno- 
mena of  modern  spiritualism.  Dr.  Crookes  is  one  of 
the  most  distinguished  and  accurate  of  scientific  in- 
vestigators, and  his  experimental  deductions  upon 
any  of  the  subjects  of  his  study  have  heretofore  been 
regarded  as  almost  conclusive. 

Dr.  Crookes  is  the  editor  of  the  London  Chemist, 
the  London  Quarterly  Journal  of  Science,  and  occu- 
pies other  prominent  positions.  His  report,  entitled 
"  Experimental  Investigation  of  a  New  Force,"  was 
announced  in  the  Quarterly  Journal  of  Science,  and 
attracted  much  attention.  In  his  first  he  describes 
a  variety  of  experiments  made  by  him,  in  the  pre- 
sence of  Daniel  Douglas  Home,  the  celebrated  spiri- 
tualistic medium,  consisting,  among  others,  of  the 
well-known  accordeon  experiment,  which  was  held  at 
one  end  by  Home,  under  a  table,  and  within  a  wire 
cage  provided  by  Dr.  Crookes.  Dr.  Crookes  affirms  that 
the  bellows  of  the  instrument  moved  up  and  down, 
and  tunes  were  played,  although  no  person  operated 
the  thing.  Subsequently  the  accordeon  floated  about 
in  the  air,  and  performed  other  curious  antics. 

A  spring  balance  contrivance  specially  provided  by 
Dr.  Crookes  was  then  tried,  and  the  pointer  was  made 
to  descend  by  the  medium,  without  the  application  of 
visible  power. 

One  of  the  scientific  friends  of  Dr.  Crookes  who 
witnessed  these  experiments,  was  the  celebrated 
savant  and  astronomer,  Dr.  William  Huggins,  who  in 
a  published  letter  certifies  to  the  correctness  of  Dr. 
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Crookes's  report ;  but  he  expresses  no  opinion  as 
to  the  causes  of  the  phenomena.  Another  ob- 
server was  Edward  William  Cox,  a  distinguished 
lawyer  of  London,  who  also  corroborates  the  report. 

Such  is  the  account  of  the  first  series  of  experi- 
ments ;  and  no  sooner  had  the  report  appeared  in 
print,  than  the  author  was  subjected  to  all  manner 
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of  abuse  from  the  press  and  scientific  people  gene- 
rally. It  was  alleged  that  Dr.  Crookes  had  become 
a  convert  to  spiritualism,  that  he  was  demented,  that 
he  had  been  psychologized  or  biologized,  etc. 

In  the  next  number  of  the  Quarterly  Journal,  Dr. 
Crookes  returns  to  the  charge  and  gives  a  second  paper, 
being  a  report  of  additional  seriss  of  experiments,  with 
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still  another  form  of  weighing  scale  apparatus,  of 
which  herewith  we  give  a  sketch. 

To  the  charge  by  the  celebrated  Balfour  Stewart 
that  the  doctor  may  have  been  biologized,  Dr.  Crookes 
retorts  that  it  is  impossible  that  the  weighing  scale 
and  its  recording  apparatus  could  have  been  biolo- 
gized. Dr.  Crookes  describes  his  apparatus  and  the 
results  as  follows: 

"A  B  is  a  mahogany  board,  thirty-six  inches  long  by 
nine  and  a  half  inches  wide  and  one  inch  thick.  It  is 
suspended  at  the  end  B  by  a  spring  balance  C  fur- 
nished with  an  automatic  register  D.  The  balance 
is  suspended  from  a  very  firm  tripod  support  E.  To 
the  moving  index  O  of  the  spring-balance  a  fine 
steel  point  is  soldered,  projecting  horizontally  out- 
ward. In  front  of  the  balance,  and  firmly  fastened 
to  it,  is  a  grooved  frame  carrying  a  flat  box,  similar  to 
the  dark  box  of  a  photographic  camera.  This  box  is 
made  to  travel  by  clockwork  horizontally  in  front  of 
the  moving  index,  and  it  contains  a  sheet  of  plate- 
glass  which  has  been  smoked  over  a  flame.  The  pro- 
jecting steel  point  impresses  a  mark  on  the  smoked 
surface.  If  the  balance  is  at  rest,  and  the  clock  is  set 
going,  the  result  is  a  perfectly  straight  horizontal  line. 
If  the  clock  is  stopped,  and  weights  are  placed  on  the 
end  B  of  the  board,  the  result  is  a  vertical  line,  whose 
length  depends  on  the  weight  applied.  If,  while  the 
clock  draws  the  plate  along,  the  weight  of  the  board 
(or  the  tension  on  the  balance)  varies,  the  result  is  a 
curved  line,  from  which  the  tension  in  grains,  at  any 
moment  during  the  continuance  of  the  experiments, 
can  be  calculated. 

"  The  instrument  was  capable  of  registering  a  dimi- 
nution of  the  force  of  gravitation  as  well  as  an  in- 
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crease ;  registrations  of  such  a  diminution  were  fre- 
quently obtained.  To  avoid  complication,  however, 
I  will  only  here  refer  to  results  in  which  an  increase 
of  gravitation  was  experienced. 

"  The  end  B  of  the  board  being  supported  by  the 
spring-balance,  the  end  A  is  supported  on  a  wooden 
strip  F,  screwed  across  its  lower  side,  and  cut  to  a 
knife  edge.  This  fulcrum  rests  on  a  firm  and  heavy 
wooden  stand  G  H.  On  the  board,  exactly  over  the 
fulcrum,  is  placed  a  large  glass  vessel  with  water  I. 
L  is  a  massive  iron  stand,  furnished  with  an  arm  and 
a  ring  M  N,  in  which  rests  a  hemispherical  copper 
vessel,  perforated  with  several  holes  at  the  bottom. 

"  The  iron  stand  is  two  inches  from  the  board  A  B, 
and  the  arm  and  copper  vessel  M  !N  are  so  adjusted 
that  the  latter  dips  into  the  water  one  and  a  half  in- 
ches, being  five  and  a  half  inches  from  the  bottom  of 
I,  and  two  inches  from  its  circumference.  Shaking 
or  striking  the  arm  M,  or  the  vessel  N,  produces  no 
appreciable  mechanical  effect  on  the  board  A  B, 
capable  of  affecting  the  balance.  Dipping  the  hand 
to  the  fullest  extent  into  the  water  in  N  does  not 
produce  the  least  appreciable  action  on  the  balance. 

"As  the  mechanical  transmission  of  power  is  by  this 
means  entirely  cut  off  between  the  copper  vessel  and 
the  board  A  B,  the  power  of  muscular  control  is 
thereby  completely  eliminated. 

"For  convenience,  I  will  divide  the  experiments 
into  groups. 

"  There  was  always  ample  light  in  the  room  where 
the  experiments  were  conducted  (my  own  dining- 
room)  to  see  all  that  took  place. 

"  Experiment  1. — The  apparatus  having  been  proper- 
ly adjusted  before  Mr.  Home  entered  the  room,  he  was 
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brought  in,  and  was  asked  to  place  his  fingers  in  the 
water  in  the  copper  vessel  N.  He  stood  up  and  dip- 
ped the  tips  of  the  fingers  of  his  right  hand  in  the 
water,  his  other  hand  and  his  feet  being  held.  When 
he  said  he  felt  a  power,  force,  or  influence  proceeding 
from  his  hand,  I  set  the  clock  going,  and  almost  im- 
mediately the  end  B  of  the  board  was  seen  to  descend 
slowly  and  remain  down  for  about  ten  seconds ;  it 
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then  descended  a  little  further,  and  afterward  rose 
to  its  normal  height.  It  then  descended  again,  rose 
suddenly,  gradually  sunk  for  seventeen  seconds,  and 
finally  rose  to  its  normal  height,  where  it  remained 
until  the  experiment  was  concluded.  The  lowest 
point  marked  on  the  glass  was  equivalent  to  a  direct 
pull  of  about  5000  grains.  The  accompanying  figure 
is  a  copy  of  the  curve  traced  on  the  glass.  The 
horizontal  scale  of  seconds  shows  the  time  occupied 
in  the  movements,  the  experiment  lasting  one  minute. 
The  vertical  scale  shows  the  tension  in  grains  exerted 
on  the  balance  at  any  moment. 

"  Experiment  2. — Contact  through  water  having 
proved  to  be  as  effectual  as  actual  mechanical  contact,  I 
wished  to  see  if  the  power  or  force  could  affect  the 
weight,  either  through  other  portions  of  the  apparatus 
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or  through  the  air.  The  glass  vessel  and  iron  stand,  etc. , 
were  therefore  removed  as  an  unnecessary  complica- 
tion, and  Mr.  Home's  hands  were  placed  on  the  stand 
of  the  apparatus  at  P.  A  gentleman  present  put  his 
hand  on  Mr.  Home's  hands,  and  his  foot  on  both  Mr. 
Home's  feet,  and  I  also  watched  him  closely  all  the 
time.  At  the  proper  moment  the  clock  was  again  set 
going ;  the  board  descended  and  rose  in  an  irregular 
manner,  the  result  being  a  curved  tracing  on  the 
glass." 

A  variety  of  other  similar  experiments  were  made 
with  analogous  results. 

"  These  experiments,"  says  Dr.  Crookes,  "  confirm 
beyond  doubt  the  conclusions  at  which  I  arrived  in  my 
former  paper,  namely,  the  existence  of  a  force  asso- 
ciated, in  some  manner  not  yet  explained,  with  the 
human  organization,  by  which  force  increased  weight 
is  capable  of  being  imparted  to  solid  bodies  without 
physical  contact.  In  the  case  of  Mr.  Home,  the  de- 
velopment of  this  force  varies  enormously,  not  only 
from  week  to  week,  but  from  hour  to  hour ;  on  some 
occasions  the  force  is  inappreciable  by  my  tests  for  an 
hour  or  more,  and  then  suddenly  reappears  in  great 
strength.  It  is  capable  of  acting  at  a  distance  from 
Mr.  Home,  (not  unfrequently  as  far  as  two  or  three 
feet,)  but  is  always  strongest  close  to  him. 

"  Being  firmly  convinced  that  there  could  be  no 
manifestation  of  one  form  of  force  without  the  cor- 
responding expenditure  of  some  other  form  of  force, 
I  for  a  long  time  searched  in  vain  for  evidence  of  any 
force  or  power  being  used  up  in  the  production  of 
these  results. 

Now,  however,  having  seen  more  of  Mr.  Home,  I 
think  I  perceive  what  this  psychic  force  uses  up  for 
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its  development.  In  employing  the  terms  vital  force 
or  nervous  energy,  I  am  aware  that  I  am  employing 
words  which  convey  very  different  significations  to 
many  investigators;  but  after  witnessing  the  painful 
state  of  nervous  and  bodily  prostration  in  which  some 
of  these  experiments  have  left  Mr.  Home — after  see- 
ing him  lying  in  an  almost  fainting  condition  on  the 
floor,  pale  and  speechless — I  could  scarcely  doubt  that 
the  evolution  of  psychic  force  is  accompanied  by  a  cor- 
responding drain  on  vital  force. 

"  I  have  ventured  to  give  this  new  force  the  name  of 
Psychic  Force,  because  of  its  manifest  relationship  to 
certain  psychological  conditions,  and  because  I  was 
most  desirous  to  avoid  the  foregone  conclusions  im- 
plied in  the  title  under  which  it  has  hitherto  been 
claimed  as  belonging  to  a  province  beyond  the  range 
of  experiment  and  argument.  But  having  found  that 
it  is  within  the  province  of  purely  scientific  research, 
it  is  entitled  to  be  known  by  a  scientific  name,  and  I 
do  not  think  a  more  appropriate  one  could  have  been 
selected. 

"  To  witness  exhibitions  of  this  force,  it  is  not  neces- 
sary to  have  access  to  known  psychics.  The  force  itself 
is  probably  possessed  by  all  human  beings,  although 
the  individuals  endowed  with  an  extraordinary  amount 
of  it  are  doubtless  few." 

Such  are.  substantially  the  results  of  Dr.  Crookes's 
investigations.  Every  reader  will  draw  his  own  con- 
clusions. It  only  remains  for  us  to  remark  that  mul- 
titudes of  examples  have  occurred  in  the  practice  of 
the  art  formerly  known  as  "  psycholooy,"  where  indi- 
viduals have  been  insensibly  subjected  to  the  will  of 
the  master  operator,  and  under  such  conditions  have 
been  made  vividly  to  see,  hear,  and  describe  all  sorts 
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of  remarkable  things,  which  in  reality  did  not  take 
place  ;  and  have  also  been  made  to  believe  and  declare 
that  they  did  not  see,  or  hear,  or  take  part  in  matters 
that  actually  occurred  under  their  noses.  In  fact,  the 
professors  of  the  art  tell  us,  that  all  the  senses  of  their 
subjects,  the  muscles  and  the  members  of  their  bodies, 
may  be  separately,  or  collectively  subjected  to  the 
will  of  the  operator.  Is  it  not  possible,  therefore, 
that  Dr.  Crookes  and  friends  were  thus  affected? 
Somebody  must  have  pushed  down  the  spring,  al- 
though the  learned  doctor  and  his  party  did  not  see 
it  done. 


SIR  RODERICK  MURCHISOJST. 

Roderick  Impey  Murchison.  The  decease  of  this 
distinguished  man  took  place  October  22d,  1871,  in 
England,  at  the  advanced  age  of  seventy-nine  years. 
It  has  rarely  fallen  to  the  lot  of  any  man  to  contrib- 
ute so  largely  to  the  advancement  of  science  as  this 
deceased  scholar.  His  career  was  a  peculiar  one.  In 
early  life  he  was  an  officer  in  the  British  army,  and,  as 
such,  served  under  Wellington  in  Spain.  He  left  the 
army,  in  order  to  marry  and  settle  down  to  quiet  lit- 
erary pursuits  ;  and  in  accordance  with  the  advice  of 
his  friend  Sir  Humphry  Davy,  as  well  as  the  influence 
of  his  accomplished  wife,  and  following  a  natural 
predilection,  he  took  to  scientific  studies,  more  par- 
ticularly to  geology  and  physical  geography. 

One  of  the  earliest  fruits  of  this  study  was  the 
publication,  in  1834,  of  a  work  "  On  the  Geology  of 
the  Neighborhood  of  Cheltenham,"  which  was  after- 
ward augmented  by  Buckman  and  Strickland,  and 
republished  in  1845.     "  The  Geology  of  the  Counties 
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of  Salop,  Hereford,  Radnor,"  etc.,  appeared  in  1835 ; 
and,  in  1839,  was  published  "  The  Silurian  System, 
founded  on  Geological  Researches  in  the  County  of 
Salop."  By  this  time  Murchison  had  become  a 
thorough  scholar,  and  an  indefatigable  investigator; 
and,  like  many  previous  scientists,  had  taken  up 
a  hobby,  which  he  pushed  with  admirable  zeal, 
and  in  elegant  language.  The  ancient  name  of 
Wales  was  Siluria.  and  this  served  to  give  character 
to  the  new  system  of  the  oldest  rocks.  The  Silurian 
system  has  become  one  of  the  recognized  names  in 
geological  science,  and  for  this  we  are  indebted  to 
Sir  Roderick. 

From  the  date  of  his  first  publication,  in  1834, 
down  to  the  time  of  his  death,  Sir  Roderick  Murchi- 
son was  a  constant  contributor  to  the  proceedings  and 
transactions  of  learned  societies,  and  the  author  of 
several  popular  books.  The  genial  character  of  the 
man  and  his  high  social  position  at  once  pointed  him 
out  for  the  position  of  presiding  officer  over  the 
learned  societies  of  London,  and  he  was  for  many 
years  president  of  the  Royal  Geographical  and  Geo- 
logical societies ;  and  in  this  double  capacity  he  was 
able  to  aid  in  the  organization  of  some  of  the  most 
important  exploring  expeditions  that  have  ever  been 
fitted  out  in  England.  To  his  persuasion  and  energy, 
the  world  is  indebted  for  much  that  we  have  learned 
of  obscure  portions  of  the  earth. 

He  expressed  his  belief  that  gold  must  exist  in 
Australia,  from  a  comparison  of  the  rocks  of  that 
country  with  those  of  the  auriferous  Ural  Mountains, 
and  he  even  urged  some  Cornish  miners  to  emigrate 
to  New  South-Wales,  for  the  purpose  of  gold-dig- 
ging.    This  was  long  before  the  actual  discovery  of 


THE   ILLINOIS   AND   ST.    LOUIS   BRIDGE.  325 

the  Australian  gold-diggings.  He  aided  Sir  David 
Brewster  in  establishing  the  British  Association  for 
the  Advancement  of  Science,  and  several  times  was 
President  both  of  the  Geological  and  the  Geographical 
Society.  At  the  meetings  of  the  latter  society  he  was 
distinguished  for  the  zeal  and  energy  with  which  he 
supported  the  cause  of  his  friend  and  fellow-country- 
man, Dr.  Livingstone,  and  to  the  last  he  held  a  per- 
sistent faith  in  his  ultimate  safe  return.  He  also  en- 
ergetically advocated  the  search  after  Sir  John  Frank- 
lin. His  later  years  were  equally  devoted  to  hard 
work,  and  the  recent  Blue-book  on  coal  contains  the 
results  of  much  of  his  thought  and  research.  It  is 
needless  to  recapitulate  here  the  honors  which  were 
bestowed  upon  him  by  various  learned  bodies. 

The  death  of  such  a  man  will  create  a  profound 
impression  in  the  whole  scientific  world,  for  there  is 
no  part  of  the  globe  where  his  name  has  not  been 
carried  by  the  indefatigable  explorers  fitted  out  and 
sent  through  his  influence.  A  thorough  gentleman,  a 
conscientious  scholar,  an  active  publisher,  an  elegant 
writer,  and  an  eloquent  speaker,  he  will  be  mourned 
by  all  lovers  of  scientific  truth. 


THE  ILLINOIS  AND  ST.  LOUIS  BEIDGE. 

This  structure,  which  spans  the  Mississippi,  the 
"  Father  of  Waters,"  at  St.  Louis,  and  connects  by  a 
grand  and  enduring  highway  the  two  great  States  of 
Illinois  and  Missouri,  is  now  being  completed,  and 
forms  one  of  the  most  remarkable  structures  of  the 
kind  ever  erected  It  is  remarkable  not  only  for  the 
solid  and  substantial  character  of  its  construction,  but 
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for  the  rapid  and  scientific  manner  in  which  the  work 
was  planned  and  executed.  Think  of  carrying  down 
the  foundation  or  abutment  walls  under  the  river, 
one  hundred  and  thirty-six  feet  below  high-water 
mark,  and  of  executing  the  work  under  an  air-pres- 
sure of  over  fifty  pounds  to  the  square  inch !  But 
this  has  been  successfully  accomplished. 

The  chief -engineer  of  this  extraordinary  work  is 
Captain  James  B.  Eads,  of  St.  Louis,  who  is  one  of 
the  most  scientific  of  our  civil  engineers,  as  well  as 
one  of  the  most  vigorous  in  the  execution  of  his  work. 
Of  this  the  country  had  signal  proofs  during  the  late 
war,  when  Captain  Eads  w^as  accustomed  to  construct, 
launch,  and  equip  large  iron-clad  steamers  within  a 
few  days  from  the  receipt  of  the  order  from  the  gov- 
ernment. 

As  an  organizer  and  director  of  work,  he  has  few 
equals.  He  possesses,  too,  a  wonderfully  comprehen- 
sive mind,  which  enables  him  to  take  in  every  detail, 
to  illustrate  its  exact  arrangement,  position,  and  order 
of  employment  beforehand,  so  that  when  the  work 
comes  to  be  executed,  every  thing  is  ready  provided, 
every  thing  fits  exactly  as  designed,  and  the  enter- 
prise is  carried  on  with  the  utmost  regularity  and  cer- 
tainty. 

The  superstructure  of  the  Illinois  and  St.  Louis 
bridge  is  of  tubular  cast-steel,  light  and  graceful  in 
appearance,  but  exceedingly  strong. 

The  Keystone  Bridge  Company,  of  Pittsburg,  Pa., 
were  the  contractors  for  the  superstructure.  Steel 
tubes,  eighteen  inches  in  diameter,  are  used  in  the 
construction  of  the  arches.  Two  thousand  five  hun- 
dred tons  of  crucible  cast-steel  are  employed  in  the 
superstructure,  capable  of  standing  a  tensile  strain  of 
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40,000  pounds  to  the  square  inch,  and  a  compressive 
strain  of  60,000  pounds  to  the  square  inch.  The 
modulus  of  elasticity  is  from  26,000,000  pounds  to 
30,000,000  pounds. 

The  railway  tracks  are  below  the  roadway  of  the 
bridge.  The  bridge  is  supported  by  two  piers  515 
feet  apart,  and  two  abutments  severally  distant  497 
feet  from  the  piers.     Thus  there  are  three  arches. 

The  foundations  of  the  suspension  bridge  now  being 
constructed  at  New- York,  and  described  on  another 
page,  are  sunk  in  substantially  the  same  manner  as 
were  those  of  the  St.  Louis  bridge. 

The  novel  method  of  the  construction  of  this  bridge 
in  some  particulars  renders  it  especially  worthy  of 
note.  The  piers  were  sunk  in  the  following  manner  : 
The  masonry  is  commenced  at  the  surface  of  the 
water,  upon  an  inverted  elliptical-shaped  caisson,  80 
feet  long  by  40  wide — the  dimensions  of  the  pier. 
This  is  closed  at  the  top  and  open  at  the  bottom,  with 
its  lower  part  larger  than  the  upper,  to  facilitate  its 
passage  through  the  sand  after  it  reaches  the  bed  of 
the  river.  It  would  be  very  much  like  building  the 
pier  upon  the  bottom  of  an  inverted  wash-tub,  of  the 
same  size  and  shape  as  the  caisson.  The  caisson  is 
filled  with  air,  like  a  diving-bell,  and  the  mass  of 
masonry  which  constantly  accumulates  upon  it  is 
borne  up  by  the  confined  air,  and,  as  the  caisson  de- 
scends, the  pressure  of  the  water  condenses  the  air  so 
that  the  water  rises  considerably  within  it,  just  as 
when  an  inverted  tumbler  is  pressed  down  into  a  ves- 
sel of  water.  To  prevent  this  and  give  greater  buoy- 
ancy to  the  mass,  air  is  forced  into  the  caisson  through 
a  vertical  passage  in  the  masonry  by  a  powerful 
steam-pump.     The  caisson  with  its  superstructure  of 
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masonry  must  be  sunk  to  the  rock  bed  of  the  river, 
because  the  deposit  of  sand  above  it — which  at  one 
pier  is  79  feet  deep — in  times  of  flood  and  freshet  is 
scoured  away  to  a  great  depth,  if  not  to  the  rock  itself. 
When  the  caisson  reaches  the  river  bed,  the  sand 
within  it  must  be  removed.  This  is  done  by  a  cur- 
rent of  water  that  is  forced  down,  by  a  tube,  through 
the  masonry  into  the  caisson,  and  then  up  again  to 
the  surface;  and  as  it  takes  its  upward  course,  the 
sand  is  shoveled  into  it  through  a  contrivance  for  the 
purpose,  and  carried  to  the  surface  in  the  form  of 
muddy  water  by  the  ascending  current,  and  poured 
out  into  the  river.  Here  it  causes  a  bank  of  sand  to 
accumulate,  which  sometimes  rises  to  the  surface  of 
the  water. 

Workmen  are  needed  in  this  caisson  of  condensed 
air,  below  the  bed  of  the  river,  to  shovel  the  sand  and 
do  other  necessary  work.  These  pass  down  by  means 
of  a  circular  stairway  in  another  vertical  passage — 
there  being  fiye  in  all — through  the  centre  of  the 
pier,  and  are  admitted  into  the  caisson  through  an  air- 
lock or  chamber,  with  an  air-tight  door  on  the  upper 
and  lower  sides.  Into  this  chamber,  after  the  men 
have  passed  the  upper  door,  the  condensed  air  is  gra- 
dually admitted  till  it  is  as  dense  in  the  lock  as  in  the 
caisson  below.  They  experience  here  very  peculiar 
sensations,  among  which  are  a  burdensome  pressure 
upon  the  whole  system  and  especially  upon  the  drum 
of  the  ear,  and  a  great  increase  of  heat  in  the  system, 
because  condensed  air  has  a  smaller  capacity  for  heat 
than  in  its  ordinary  state.  In  passing  out,  of  course, 
the  order  of  proceeding  and  of  sensation  is  reversed. 

We  give  an  engraving  showing  the  caisson  of  the 
east  pier,  with  the  masonry  above  it  illustrating  the 
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manner  in  which  the  whole  structure  was  gradually 
carried  down  through  the  sand  until  it  rested  upon  the 
bed  rock. 

A,  air-locks ;  B,  air-chamber ;  C,  timber  girder ; 
D,  discharge  of  sand-pump  ;  E,  sand-pumps  ;  F,  main 
entrance  shaft ;  G,  side  shaft ;  H,  iron  envelope ;  I, 
bracing  for  the  shell. 

The  workmen  descending  the  main  shaft  entered 
the  air-lock,  which  then  being  closed  from  above,  so 
as  to  prevent  the  escape  of  air  from  the  interior  of  the 
caisson,  was  opened  at  the  side  for  their  admission  to 
the  air-chamber. 

The  caisson  is  shown  with  the  superstructure  of 
masonry  upon  it,  and  sunk  about  three  fourths  of  the 
way  down  to  bed  rock.  The  excavations  of  sand 
were  ejected  through  the  sand-pumps,  a  mixed  column 
of  air,  water,  and  sand  being  continually  kept  ascend- 
ing from  wells  maintained  at  the  bottoms  of  the 
pumps. 

PRESSURE   EST   THE   AIR-CHAMBER   UNDER   WATER. 

The  pressure  of  air  in  the  air-chamber  was  very 
accurately  determined  by  the  depth  of  the  caisson  be- 
low the  surface.  Any  greater  pressure  than  that  due 
to  the  depth,  caused  the  air  to  escape  beneath  it ;  but 
when  the  caisson  had  penetrated  into  the  sand  to  a 
considerable  distance,  it  was  discovered  that  the  water 
level  formed  by  the  air  under  or  across  the  bottom  of 
the  chamber  was  nearly  a  foot  lower  than  the  bottom 
edge  of  the  caisson.  When  the  caisson  was  but  a  few 
feet  in  the  sand,  the  air  forced  its  way  up  by  its  sides 
in  one  or  two  currents  of  large  volume ;  but  as  it  pene- 
trated more  deeply,  the  passage  of  the  air  through 
the  sand  evidently  became  more  difficult,  and  it  ap- 
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peared  in  small  bubbles  sixty  or  seventy  feet  distant 
from  the  caisson.  This  retardation  of  the  escapement 
of  the  air  from  beneath  the  caisson,  caused  an  in- 
crease of  air  pressure  by  which  the  water  was  held  at 
a  greater  or  lesser  depth  below  the  line  of  the  bottom 
of  the  air-chamber.  The  sand  inclosed  in  the  air- 
chamber  and  forming  its  floor  was  usually  one  or  two 
feet  more  elevated  than  the  lower  edge  of  the  cham- 
ber, and  was  entirely  devoid  of  water,  the  air  pressure 
expelling  the  water  from  it  down  below  the  edge  of 
the  caisson  as  just  stated.  The  distance  to  which  it 
was  thus  expelled  and  maintained,  was  at  no  time  dis- 
covered to  exceed  ten  inches,  and  generally  it  was  not 
over  eight  inches.  This  would  give  an  air  pressure 
equal  to  nearly  one  foot  more  than  the  depth  of  the 
caisson,  or  about  one  third  of  a  pound  per  square  inch 
more.  This  difficulty  of  escapement  of  the  air 
through  the  sand  was  increased  somewhat  by  concret- 
ing under  the  edge  of  the  caisson  on  the  rock,  and 
the  actual  air  pressure  could  then  be  no  longer  accu- 
rately determined  by  the  height  of  the  water  above. 
The  pressure-gauges  usually  indicated  a  pressure  of 
one  or  two  pounds  more  than  the  depth  of  water  would 
give  by  calculation.  This  was  caused  in  a  great 
measure,  however,  by  the  friction  of  the  air  in  the 
pipes,  the  gauges  being  at  the  pumps  and  not  in  the 
air-chamber.  A  column  of  water  one  hundred  and 
ten  feet  six  inches  in  height  would  be  equal  to  a  pres- 
sure of  47.96  pounds  per  square  inch,  assuming  the 
weight  of  the  water  to  be  62.5  pounds  per  cubic  foot. 
The  greatest  pressure  marked  by  the  gauges  was  fifty- 
two  pounds,  and  it  is  not  probable  that  the  pressure 
in  the  air-chamber  ever  exceeded  fifty  or  fifty-one 
pounds. 
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PHYSIOLOGICAL    EFFECTS   OF    COMPRESSED   AIR. 

The  first  symptom  manifesting  itself,  caused  by 
the  pressure  of  the  air,  is  painfulness  in  one  or  both 
ears.  The  eustachian  tubes,  extending  from  the  back 
of  the  mouth  to  the  bony  cavities  over  which  the 
drums  of  the  ears  are  distended,  are  so  minute  as  not 
to  allow  the  compressd  air  to  pass  rapidly  through 
them  to  these  cavities,  and  when  the  pressure  is  in- 
creased rapidly  the  external  pressure  on  the  drums 
causes  pain.  These  tubes  constitute  a  provision  of 
nature  to  relieve  the  ears  of  such  barometric  changes 
as  occur  in  the  atmosphere  in  which  we  live.  The 
act  of  swallowing  facilitates  the  passage  of  the  air 
through  them,  and  thus  equalizes  the  pressure  on  both 
sides  of  the  drums  and  prevents  the  pain.  The  pres- 
sure may  be  admitted  into  the  air-lock  so  rapidly  that 
this  natural  remedy  will  not  in  all  cases  relieve  it. 

WHAT   YOU   MUST    DO   ON    ENTERING    THE   AIR-CHAMBER. 

By  closing  the  nostrils  between  the  thumb  and  fin- 
gers, shutting  the  lips  tightly  and  inflating  the  cheeks, 
the  eustachian  tubes  are  opened,  and  the  pressure  on 
the  inner  and  outer  surfaces  of  the  tympanum  is 
equalized  and  the  pain  prevented.  This  method  must 
be  used  and  repeated  from  time  to  time  as  the  pres- 
sure is  let  on,  if  it  be  increased  rapidly.  No  incon- 
venience is  felt  by  the  reaction  when  the  pressure  is 
let  off,  as  the  compressed  air  within  the  drums  has  a 
tendency  to  open  the  tubes,  and  thus  facilitates  its  es- 
cape through  them  ;  whereas  increasing  the  pressure 
has  the  effect  of  collapsing  them,  and  therefore  makes 
it  more  difficult  to  admit  the  compressed  air  within 
the  cavities  of  the  ears.  It  frequently  occurs,  how- 
ever, from  some  abnormal  condition  of  these  tubes,  as 
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when  inflamed  by  a  cold  in  the  head,  that  neither  of 
these  remedies  will  relieve  the  pain.  To  continue  the 
admission  of  compressed  air  into  the  lock  under  such 
circumstances,  would  intensify  the  suffering,  and  pos- 
sibly rupture  the  tympanum ;  therefore  the  lock-ten- 
ders were  particularly  instructed  to  shut  off  the  com- 
pressed air  at  the  moment  any  one  in  the  lock  experi- 
enced pain  about  the  ears ;  and  then,  if  it  could  not  be 
relieved  by  the  above  means,  the  lock  was  opened  and 
the  person  was  not  permitted  to  go  through  into  the  air- 
chamber.  Sometimes  fifteen  minutes  were  occupied 
in  passing  persons  through  the  first  time,  after  which 
they  usually  had  no  further  trouble  from  this  cause. 

The  fact  that  the  depth  penetrated  by  the  air-cham- 
ber was  considerably  greater  than  that  hitherto  reach- 
ed in  any  similar  work,  left  me,  says  the  chief-engi- 
neer, without  any  benefit  from  the  experience  of 
others,  in  either  guarding  against  any  injurious  effects 
of  this  great  pressure  upon  the  workmen  and  engi- 
neers subjected  to  it,  or  of  availing  myself  of  any 
known  specific  for  relieving  those  affected  by  it. 
When  the  depth  of  sixty  feet  had  been  attained,  some 
few  of  the  workmen  were  affected  by  a  muscular  pa- 
ralysis of  the  lower  limbs.  This  was  rarely  accom- 
panied with  pain,  and  usually  passed  of  in  the  course 
of  a  day  or  two.  As  the  penetration  of  the  pier  pro- 
gressed, the  paralysis  became  more  difficult  to  subdue. 
In  some  cases  the  arms  were  involved,  and  in  a  few 
cases  the  sphincter  muscles  and  bowels.  The  patients 
also  suffered  much  pain  in  the  joints  when  the  symp- 
toms were  severe.  An  average  of  at  least  nine  out  of 
ten  of  those  affected  suffered  no  pain  whatever,  but 
soon  recovered,  and  generally  returned  to  the  work. 

The  duration  of  the  watches  in  the  air-chamber  was 
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gradually  shortened  from  four  hours  to   three,  and 
then  to  two,  and  finally  to  one  hour. 

USE    OF    GALVANIC   BANDS   BY   WORKMEN    IN    COMPRESSED 
AIR-CHAMBERS. 

The  use  of  galvanic  bands  or  armor  seemed,  in  the 
opinion  of  the  superintendent  of  construction,  the 
foremen  of  the  chamber,  and  the  men,  to  give  re- 
markable immunity  from  these  attacks.  They  were 
all  ultimately  provided  with  them.  These  bands 
were  made  of  alternate  scales  of  zinc  and  silver,  and 
were  worn  around  the  wrists,  arms,  ankles,  and  waist, 
and  also  under  the  soles  of  the  feet.  Sufficient  mois- 
ture and  acidity  were  supplied  by  the  perspiration  to 
establish  galvanic  action  in  the  armor,  and  as  the  opin- 
ion among  those  most  accustomed  to  the  chamber  was 
almost  unanimous  in  favor  of  this  remedy,  I  am  very 
much  inclined  to  believe  it  valuable. 

COMBUSTION   IN    COMPRESSED   AIR. 

The  consumption  of  the  candles  under  the  action  of 
the  compressed  air  was  much  more  rapid  than  in  the 
normal  atmosphere.  At  the  depth  of  one  hundred 
feet,  air  pressure  forty-five  lbs.  to  the  square  inch,  or 
three  atmospheres,  they  were  found  to  be  consumed  in 
about  three  fifths  of  the  time  required  in  the  open 
air.  Large  quantities  of  smoke  were  emitted  from  the 
flames,  and  the  air  was  filled  with  particles  of  floating 
carbon,  which  could  only  be  removed  thoroughly  by 
placing  a  rose-jet  on  the  nozzle  of  a  water  hose  in  the 
chamber,  and  discharging  the  spray  in  every  direction. 
Some  amelioration  of  the  evil  was  obtained  by  burn- 
ing the  candles  under  an  inverted  funnel  or  chimney, 
communicating  with  one  of  the  shafts  by  a  small  out- 
let pipe,  through  which  the  escape  of  the  compressed 
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air  was  regulated  by  a  cock,  thus  creating  a  draught 
above  the  flame  by  which  the  smoke  was  carried  ofl. 

The  difficulty  of  extinguishing  a  flame  in  an  atmo- 
sphere of  such  density,  caused  me  to  forbid  the  use  of 
oil  lamps  in  the  chamber  before  a  depth  of  eighty  feet 
had  been  reached.  The  clothing  of  two  of  the  men 
having  taken  fire  from  contact  with  some  of  the  hand 
lamps  or  candles  used  in  the  caisson,  it  was  found  ex- 
ceedingly difficult  to  extinguish  the  flames.  One  of 
them  was  severely  burned,  although  his  garments 
were  almost  entirely  woolen.  It  was  deemed  unsafe 
to  risk  the  danger  of  having  the  clothing  of  the  men 
saturated  with  oil  from  the  accidental  breaking  of  a 
lamp  which  might,  by  the  same  casualty,  ignite  their 
garments  and  thus  endanger  their  lives.  The  use  of 
oil  was  therefore  forbidden. 

At  the  depth  of  eighty  feet,  forty-two  lbs.  per  inch 
air  pressure,  it  was  found  that  the  flame  of  a  candle 
would  immediately  return  to  the  wick  after  being 
blown  out  with  the  breath.  At  the  depth  of  one 
hundred  and  eight  and  one  half  feet  below  the  sur- 
face of  the  river,  air  pressure  fifty-six  and  one  half 
lbs.  per  square  inch,  I  blew  out  the  flame  of  one  of 
them  thirteen  consecutive  times  in  the  course  of  half 
a  minute,  and  each  time,  excepting  the  last,  it  return- 
ed to  its  wick.  Almost  as  long  as  a  small  portion  of 
the  wick  remained  incandescent,  the  flame  would  re- 
turn, and  when  the  glowing  particle  of  two  separate 
candles  failed  to  possess  sufficient  heat  to  restore  the 
flame  to  either,  it  would  reappear  at  once  by  placing 
the  luminous  portions  of  the  two  wicks  in  contact. 

The  chamber  of  the  abutment  caisson  was  lighted 
by  candles  contained  within  glass  globes  of  similar  con- 
struction to  those  used  in  lighting  railway  carriages. 
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The  glass  was  of  strength  sufficient  to  sustain  the  ex- 
ternal pressure  of  the  condensed  air.  The  chimney 
consisted  of  an  outlet  pipe  of  one  inch  diameter,  com- 
municating with  one  of  the  shafts,  and  the  compress- 
ed air  was  only  admitted  within  the  globe  in  which 
the  candle  is  placed  through  a  small  regulating  valve. 
The  candles,  therefore,  burned  under  the  normal  pres- 
sure of  air.  A  stop-cock  in  the  chimney  prevented 
the  escape  of  air  from  the  chamber  through  the  globe, 
when  it  was  desirable  to  put  in  another  candle,  or  to 
clean  the  glass. 

CONDENSED   FROM   THE   REPORT   OF   THE  CHIEF-ENGrNEER, 
-  CAPTAIN   JAMES    B.    EADS,    C.E. 

On  the  twenty-sixth  day  of  February,  1870,  a  con- 
tract was  made  with  the  Keystone  Bridge  Company, 
of  Pittsburg,  for  the  construction  and  erection  of  the 
superstructure  of  this  bridge,  including  that  of  the 
approaches.  By  this  contract  the  company  agrees, 
under  a  severe  forfeiture  in  case  of  failure,  to  com- 
plete the  structure  ready  for  use  in  all  its  parts  in 
seventeen  months  from  the  time  working  drawings 
were  furnished  to  it :  provided  it  is  not  delayed  by 
masonry  work  after  the  first  of  March,  1871.  In  case  of 
such  delay,  the  time  of  completion  was  to  be  extend- 
ed no  longer  than  the  time  the  company  was  so  de- 
layed. Completed  working  drawings  were  not  fur- 
nished until  the  first  of  July,  as  the  completion  of 
certain  parts  of  them  was  dependent  upon  data  that 
were  obtained  from  the  testing-machine,  and  which 
could  not  be  ascertained  at  an  earlier  period.  This 
delivery  of  drawings  fixes  the  time  for  completion  of 
the  bridge  on  the  first  of  December,  1871.  Captain 
Eads  says  in  his  report  that  he  lias  apprehensions  that 
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the  masonry  will  not  be  completed  in  season  to  pre- 
vent any  claim  for  an  extension  of  time  on  the  part 
the  Keystone  Bridge  Company.  This  company  con- 
tracted with  other  parties  for  the  necessary  steel ;  bnt 
when  the  bolts  and  other  parts  of  the  bridge  came  to 
be  tested,  they  were  nnable  to  stand  the  required 
pressure.  The  result  was  that  delays  followed,  and 
chrome  steel  was  snccessf  nlly  substituted.  The  bridge 
will  probably  be  opened  during  the  present  year. 

SIDNEY  EDWARDS  MOKSE. 

Sidney  Edwaeds  Morse  died  in  New- York,  in  De- 
cember, 1871,  age  78.  He  was  the  son  of  the  Rev. 
Jedediah  Morse,  D.D.,  and  the  brother  of  Prof.  S.  F.  B. 
Morse,  the  telegrapher,  and  was  born  in  Charlestown, 
Mass.,  February  7th,  1794.  He  entered  the  freshman 
class  at  Yale  in  1805,  being  then  only  eleven  years  of 
age.  In  1823,  in  connection  with  his  younger  brother, 
Richard  C.  Morse,  he  established  in  this  city  The 
New -York  Observer,  now  the  oldest  weekly  news- 
paper in  the  city,  of  which  he  continued  to  be  the 
senior  editor  and  proprietor  until  1858.  He  was  the 
author  of  a  school  geography  which  has  had  a  vast 
circulation.  His  genius  was  also  inventive.  In  1817, 
he  and  his  elder  brother  patented  the  flexible  piston 
pump.  In  1839,  he  produced  the  new  art  of  cero- 
graphy  for  printing  maps  on  the  common  printing- 
press,  illustrating  his  new  geography  with  it,  100,000 
copies  being  sold  the  first  year.  "Within  the  last  few 
years,  he  has  been  engaged  with  his  son  in  an  inven- 
tion for  rapid  exploration  of  the  depths  of  the  sea,  a 
remarkable  instrument,  by  which  the  depth  of  any 
water,  however   deep,  may  be  accurately  measured, 


338  SCIENCE   RECORD. 

without  the  use  of  lines.  The  instrument  is  made  to 
descend  in  the  water  by  means  of  a  weight  of  sand, 
which  is  detached  on  touching  bottom,  when  the 
instrument  rises.  The  pressure  upon  a  vessel  within 
produces  an  exact  record  of  the  depth. 


JOSEPH   HENRY  AND   THE   ELECTRIC 
TELEGRAPH. 

The  whole  history  of  the  telegraph  could  only  be 
written  by  a  scientific  man  of  unusual  acquirements. 
It  would  involve  immense  research,  profound  know- 
ledge of  physics,  and  rare  linguistic  attainments ;  and, 
after  the  work  was  done,  none  but  scientific  men 
could  understand  or  appreciate  it.  A  popular  story 
is  quite  another  affair,  and  narrations  of  this  charac- 
ter are  as  abundant  as  the  number  of  advocates  who, 
for  money,  from  friendship,  or  from  enthusiasm, 
have  been  found  to  present  the  claims  of  their  favor- 
ites to  the  consideration  of  the  public.  We  shall  not 
attempt  to  write  a  scientific  or  a  popular  history,  but 
confine  ourselves  to  a  statement  of  what  Professor 
Henry  has  done,  without  intending  to  detract  from 
the  praise  due  to  any  body  else.  We  feel  that  justice 
has  never  been  rendered  to  Professor  Henry,  and  it 
is  time  that  the  great  omission  should  be  supplied. 
The  first  essential  fact  which  rendered  the  electro- 
magnetic telegraph  possible  was  discovered  by  Oer- 
sted, in  the  winter  of  1819-20.  Then  followed  the 
important  contributions  of  Arago  and  Ampere  in 
1820.  In  1825,  Sturgeon  first  produced  what  is  pro- 
perly known  as  the  electro-magnet,  in  the  form  of  a 
horse-shoe ;  but  the  power  of  this  magnet  was  very 
light  in  consequence  of  the  manner  in  which  he 


JOSEPH    HENKY.  339 

wound  the  wires,  and  its  chief  value  was  in  suggest- 
ing a  new  path  for  future  researve. 

The  next  improvement  was  made  by  Professor 
Henry,  and  this  consisted  in  insulating  the  cod  duct- 
ing wire  itself,  instead  of  the  rod  to  be  magnetized, 
and  covering  the  whole  surface  of  the  iron  with  a 
series  of  coils  in  close  contact.  Henry's  magnet  was 
described  in  Silliman'>s  Journal  in  1831 ;  and  in  1832, 
a  mechanical  arrangement  was  put  up  in  the  Albany 
Academy  for  making  signals  and  sounding  a  bell 
through  a  wire  more  than  a  mile  in  length.  Pre- 
vious to  Professor  Henry's  investigations,  the  means 
of  developing  magnetism  in  soft  iron  were  imper- 
fectly understood,  and  no  electro-magnet  applicable 
to  the  telegraph  was  known.  The-  particular  form 
of  battery  adapted  to  project  the  current  through  a 
long  conductor  was  first  pointed  out  by  Henry,  and 
he  was  the  first  to  magnetize  a  piece  of  iron  at  a  dis- 
tance, and  to  call  attention  to  the  fact  of  the  applica- 
bility of  the  experiment  to  the  telegraph.  The  prin- 
ciples developed  by  him  were  applied  to  render  the 
various  machines  invented  by  Gauss,  Weber,  Stein- 
heil,  Wheatstone,  and  Morse  effective  at  a  distance. 
The  galvanometer  now  employed  for  transmitting 
messages  by  the  Atlantic  Cable  is  about  as  close  an 
imitation  of  the  apparatus  devised  by  Henry  for  ring- 
ing a  bell  in  the  Albany  Academy,  in  1832,  as  the 
different  circumstances  of  the  cases  require.  And  the 
electro-magnet,  now  used  for  the  telegraph  all  over 
the  world,  is  the  one  invented  and  described  by  Hen- 
ry in  1831.  Whether  the  instrument  used  be  a 
semaphore,  that  is,  carrying  evanescent  signals,  or  a 
telegraph  making  a  permanent  record,  the  engine  for 
driving  the  works  by  aid  of  the  battery  is  the  electro- 
magnet  invented  by  Professor  Henry. 
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The  magnet  is  the  power  behind  the  throne;  it 
drives  the  electric  clock  and  the  magneto-electric 
machine  ;  it  frightens  away  burglars,  gives  the  alarm 
of  fire,  warns  of  danger,  explodes  the  mine,  transmits 
signals,  sends  messages  by  the  needle,  and  makes  per- 
manent record  by  the  telegraph. 

The  philosopher  who  discovered  the  scientific  prin- 
ciples upon  which  the  electro-magnet  is  founded,  and 
who  invented  the  form  of  apparatus  best  adapted  to 
demonstrate  these  principles,  must  be  regarded  by 
the  whole  world  as  having  made  the  chief  contribu- 
tion toward  the  application  of  electro-magnetism  to 
the  various  wants  of  man.  This  philosopher  was 
Joseph  Henry,  and  to  him  was  accorded  the  homage 
of  the  whole  scientific  world  for  his  magnificent  re- 
searches. 

While  we  very  properly  render  great  credit  to  the 
inventors  of  the  various  forms  of  apparatus  now  com- 
monly called  telegraphs,  let  us  not  forget  the  man 
who  disclosed  to  us  the  power  with  which  to  drive  not 
only  this  but  every  other  magneto-electric  machine. 
All  honor  to  the  great  American  philosopher,  Joseph 
Henry ! — Scientific  American. 


NEW  PEOPELLEE  FOE  VESSELS. 

During  the  past  year,  the  ingenious  improvements 
in  propulsion  of  Mr.  Frank  G.  Fowler,  of  Bridgeport, 
Ct.,  have  been  put  into  practical  use  on  several  ves- 
sels of  considerable  size  with  gratifying  success. 

The  shaft  of  the  Fowler  wheel  is  perpendicular  in 
the  stern,  and  the  wheel  works  on  a  horizontal  plane. 
It  has  three  arms,  each  with  an  adjustable  blade.  The 
wheel  is  four  and  a  half  feet  in  diameter.     The  ex- 
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tremity  of  each  arm  is  inserted,  by  a  movable  joint, 
in  the  centre  of  a  thin,  strong  steel  blade  standing 
perpendicularly.  The  blades  are  twenty-eight  inches 
in  depth,  twelve  inches  at  the  top  and  ten  at  the  bot- 
tom, and  slightly  rounded  at  the  counters.  The 
blades  stand  with  their  sides  toward  the  centre  shaft. 
Above  the  arms  there  is  an  eccentric  on  the  shaft, 
which  is  held  fast  as  the  wheel  revolves.  From  the 
ring  or  strap  around  the  eccentric,  strong  rods  extend 
to  the  outer  edges  of  the  blades.  Now,  as  the  shaft 
revolves,  the  blades,  as  they  pass  around  the  circle, 
change  their  set,  so  to  speak ;  that  is,  the  edge  of  a 
blade  to  which  the  eccentric  rod  is  attached  moves 
from  and  toward  the  shaft.  As  a  blade  moves  for- 
ward, it  acts  upon  the  water  much  as  a  man's  hand 
does  when  he  is  swimming.  It  may  be  said  to  hook 
or  pull  upon  the  water,  and  pull  the  boat  forward. 
As  the  blade  goes  to  the  rear,  its  angle  upon  the  arm 
or  radius  is  changed,  and  in  passing  around  the  rear 
of  the  shaft,  the  blade  drives  the  water  to  the  rear, 
pushing  the  boat  forward.  In  the  revolution  there 
are  two  points  at  which  the  blade  is  parallel  with  the 
keel  and  exerts  no  power. 

The  eccentric  is  governed  by  a  wheel  on  deck,  just 
like  the  ordinary  steering-wheel.  If  it  be  desired  to 
change  the  course  of  the  vessel,  the  eccentric  is  shift- 
ed. This  shifts  the  set  of  the  blades,  and  the  line  of 
force  exerted  is  put  at  any  desired  angle  with  the  keel. 
In  an  instant,  with  a  whirl  of  the  wheel,  the  power  is 
exerted  at  right  angles  with  the  keel,  and  the  boat 
whirls  around.  Or  without  a  word  or  signal  to  the 
engineer,  the  power  is  completely  reversed  and  the 
wheel  is  pulling  straight  astern.  In  a  few  seconds, 
the  boat  is  going  astern.     There  is  no  reversing  gear 
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on  the  engine.  The  power  can  be  exerted  in  any  di- 
rection, that  is,  at  any  angle  with  the  keel,  with  an 
easy  tnrn  of  the  wheel,  which  two  fingers  can  govern. 
There  is  no  rudder  on  the  boat ;  the  steering  is  done 
by  shifting  the  direction  of  the  power. 


COMPEESSED-AIE  CAE. 

A  teial  of  this  invention  by  Mr.  Myers  was  made 
last  year  at  Hyde  Park,  near  Chicago,  in  the  presence 
of  about  forty  invited  guests.  The  experiment  was 
attended  with  much  success ;  the  party  were  carried 
about  three  miles  in  the  car,  at  a  rapid  pace.  The 
pneumatic  oar  is,  in  fact,  a  locomotive  engine  driven 
by  compressed  air,  contained  in  a  large  cylindrical 
tank  mounted  on  the  car. 

The  supply  of  air  is  compressed  by  a  stationary 
engine  and  pump. 


OXYGEN  FEOM  THE  ATMOSPHEEE. 

The  economical  preparation  of  oxygen  gas  on  a 
large  scale,  for  use  in  the  arts,  has  long  attracted  the 
attention  of  chemists,  and  several  ingenious  sugges- 
tions have  been  made  looking  to  a  solution  of  the 
difficulty ;  among  the  most  recent  of  which  is  the  one 
by  Mallet,  in  Paris,  who  has  devised  a  plan  for  ob- 
taining the  gas  from  the  atmosphere  by  taking  ad- 
vantage of  the  greater  solubility  of  nitrogen  in  water 
than  oxygen.  If  air  be  passed  through  water,  more 
of  the  oxygen  is  absorbed  than  nitrogen ;  and  it  is 
only  necessary  to  repeat  this  operation  a  number  of 
times  to  arrive  at  an  atmosphere  from  which  nearly 
all  of  the  nitrogen  has  been  eliminated.     The  appa- 
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ratus  which  has  been  constructed  for  accomplishing 
this  result  is  chiefly  composed  of  a  series  of  cylinders, 
to  each  of  which  is  attached  a  force-pump  for  draw- 
ing in  the  air  and  passing  it  from  one  vessel  to  an- 
other. The  moment  the  pressure  is  removed  from  the 
water,  the  gas  escapes  just  as  it  does  from  a  soda 
fountain. 

This  process  seems  likely  to  supersede  all  others  for 
the  economical  production  of  oxygen. 


THE  GREAT  SUSPENSION  BRIDGE  BE- 
TWEEN NEW-YORK  AND  BROOKLYN. 

This  remarkable  work  had  up  to  the  close  of  the 
past  year  made  satisfactory  progress,  operations  being 
carried  on  as  rapidly  as  the  peculiar  nature  of  the 
enterprise  permits. 

The  granite  tower  upon  the  Brooklyn  side  has 
reached  a  height  of  about  seventy-five  feet  above  low- 
water  mark. 

The  sinking  of  the  caisson  upon  the  New- York  side 
is  in  progress. 

The  foundations  of  each  tower  rest  upon  wood  in 
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the  form  of  what  is  termed  a  caisson.     This  consists 
of  an  immense  wooden  raft,  composed  of  timbers  laid 
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one  upon  the  other  and  securely  fastened  together 
with  iron  bolts.  The  under  side  of  this  raft  is  pro- 
vided at  its  edges  with  narrow  walls,  and  when  these 
walls  rest  on  the  ground,  a  chamber  is  formed  under 
the  bottom  of  the  raft.  The  walls  and  ceiling  of  the 
chamber  are  air-tight. 

The  object  of  the  latter  air-chamber  is  to  protect 
the  workmen  in  digging  below  the  surface  of  the 
water,  and  enable  them  to  carry  foundations  down 
through  the  soil  until  rock  or  hard  and  firm  strata  are 
found,  capable  of  properly  supporting  the  enormous 
weights  of  the  bridge.  The  caisson  is  an  engineering 
expedient  adopted  in  lieu  of  the  coffer-dam,  which 
has  heretofore  been  generally  employed  in  laying 
foundations  under  water. 

The  pressure  of  air  within  the  caisson  must  be 
increased  in  proportion  to  the  depth  that  it  descends. 
In  the  Brooklyn  caisson,  the  air  pressure  was  30 
pounds  per  inch,  and  was  maintained  by  means  of 
powerful  steam  air-pumps.  In  sinking  the  caisson  of 
the  great  bridge  across  the  Mississippi  at  St.  Louis,  the 
air  pressure  was  considerably  higher.  To  effect  the 
removal  of  the  earth  from  the  chamber,  a  pipe  is 
brought  down  through  the  caisson,  and  made  to  dip 
into  a  basin  termed  a  "  pocket,"  into  which  the  earth 
from  all  parts  of  the  chamber  is  dumped.  The  work- 
men then  stir  up  the  earth,  which  is  carried  up  out  of 
the  chamber  by  a  peculiar  scooping  mechanism  which 
operates  within  the  pipe. 

Our  view  shows  the  pocket  and  pipe  within  the 
caisson,  and  the  workmen  engaged  in  stirring  the 
earth. 

The  Brooklyn  raft  or  caisson  was  168  feet  long, 
102  feet  wide,  and  five  feet  thick ;  height,  9  feet  6 
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inches.     The  raft  for  the  New- York  side  is  somewhat 
larger. 

The  Brooklyn  caisson  was  carried  down  below  high- 
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water  to  a  depth  of  about  50  feet,  where  a  firm  strata 
was  found.  The  air-chamber  was  then  completely 
filled  with  concrete.     The  caisson  therefore  now  rests 
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upon  concrete,  and  the  granite  tower  rests  upon  the 
upper  surface  of  the  caisson. 

On  the  New- York  side,  it  will  be  necessary  to  carry 
the  caisson  down  83  feet  below  high-water  to  the  rock 
strata,  as  the  borings  have  developed  the  fact  that  a 
bed  of  quicksand  6  feet  thick  exists  at  a  depth  of  66 
feet.  (See  engraving  of  the  caisson  of  the  St.  Louis 
Bridge,  on  another  page.) 

This  great  suspension-bridge  was  designed  by  the 
late  John  A.  Poebling,  of  Trenton,  N.  J.,  a  civil  en- 
gineer greatly  distinguished  for  his  success  in  the  erec- 
tion of  this  class  of  structures.  Among  his  works  are 
the  railway  suspension  bridge  at  Niagara  Falls,  an- 
other at  Pittsburg,  Pa.,  another  at  Cincinnati. 

The  span  of  the  bridge  between  New-York  and 
Brooklyn  will  be  1600  feet,  being  the  longest  by  seve- 
ral hundred  feet  of  any  existing  suspension-bridge 
in  the  world.  The  total  length  of  the  bridge  with  its 
approaches  will  be  5862  feet.  The  towers  will  rise 
268  feet  above  high  water.  The  floor  of  the  bridge 
will  be  80  feet  wide,  and  118  feet  above  high  water, 
permitting  the  free  passage  of  all  vessels  of  less  than 
2500  tons.  Larger  ships  will  have  to  lower  their  top- 
masts in  order  to  pass  under.  The  cost  of  the  bridge 
is  expected  to  be  about  ten  millions  of  dollars,  and  it 
is  to  be  finished  in  1 880. 

A  melancholy  recollection  associated  with  the  con- 
struction of  this  great  work  is  the  death  of  its  dis- 
tinguished projector,  John  A.  Koebling,  whose  por- 
trait we  give.  While  engaged  in  surveying  some  of 
the  approaches  to  the  bridge  in  July,  1869,  preparatory 
to  commencing  active  work,  he  somehow  received  a 
serious  bruise  upon  the  foot  which  resulted  in  lock- 
jaw, from  the  effects  of  which  he  died,  July  22d,  1869, 
in  the  sixty-fourth  year  of  his  age. 
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JOHN  A.  EOEBLTNG. 


There  are  few  men  whose  history  records  a  series 
of  more  brilliant  successes  than  that  of  Mr.  Roebling. 
He  has  left  behind  him  many  enduring  monuments 
of  his  wonderful  abilities. 

Colonel  Washington  A.  Roebling,  son  of  the  pro- 
jector, succeeded  him  as  chief-engineer,  and  now  has 
charge  of  the  work.  Colonel  Roebling  is  an  experi- 
enced engineer,  and  will  faithfully  carry  out  the  elabo- 
rated plans  of  his  father. 
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AKTIFICIAL  PRODUCTION  OF  CONIINE. 

It  is  said  that  Socrates  terminated  his  life  by 
drinking  coniine,  extracted  from  the  poisonous  hem- 
lock, Conium  maculatum.  The  oily  liquid  is  highly 
poisonous,  and  closely  resembles  the  nicotin  obtained 
from  tobacco.  The  artificial  preparation  of  this  body 
has  more  than  ordinary  interest,  as  it  suggests  the 
possibility  of  our  being  able  to  make  other  alkaloids, 
such  as  quinine,  morphine,  and  the  like ;  and  if  we 
can  succeed  in  this,  why  not  prepare  the  less  complex 
compounds,  sugar,  starch,  etc.  ?  The  coniine  was 
prepared  by  Hugo  Schiff,  by  heating  alcohol  and  am- 
monia at  210°,  together  with  butyraldehyd,  precipi- 
tating with  a  platinum  salt,  and  distilling  the  pro- 
duct The  artificial  alkaloid  exhibits  the  same  pro- 
perties as  the  native.  It  is  a  violent  poison,  and  in 
other  respects  is  analogous  to  the  extract  from  hem- 
lock. As  the  first  step  in  the  synthesis  of  vegetable 
alkaloids,  the  discovery  of  Professor  Schiff  is  one  of 
the  most  important  in  modern  chemistry. 


A  STATE  REWARD  OFFERED  FOR  AN  IM- 
PROVEMENT IN  CANAL-BOAT  PROPUL- 
SION. 

The  Legislature  of  the  State  of  New- York,  desirous 
of  promoting  the  more  extensive  use  of  the  great 
Erie  Canal,  passed  a  law  in  1871,  offering  a  reward  of 
one  hundred  thousand  dollars  for  an  invention  or  de- 
vice by  which  steam,  caloric,  electricity,  or  any  other 
motor  than  animal  power,  may  be  practically  and 
profitably  used  and  applied  in  the  propulsion  of  boats 
upon  the  canals  ;  the  examination  and  tests  to  be 
made  by  commissioners  at  such  time  or  times,  during 
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the  season  of  canal  navigation,  for  the  year  1871-72, 
as  they  may  order  and  direct.  The  commissioners 
are  to  demand  and  require,  First,  the  invention  or  de- 
vices to  be  tested  and  tried  at  the  cost  of  the  parties 
offering  the  same  for  trial.  Second,  that  the  boat 
shall,  in  addition  to  the  weight  of  the  machinery  and 
fuel  reasonably  necessary  for  the  propulsion  of  said 
boat,  be  enabled  to  transport,  and  shall  actually  trans- 
port on  the  Erie  Canal,  on  a  test  or  trial  exhibition, 
under  the  rules  and  regulations  now  governing  the 
boats  navigating  the  canals,  at  least  two  hundred  tons 
of  cargo.  Third,  that  the  rate  of  speed  made  by  said 
boat  shall  not  be  less  than  an  average  of  three  miles 
per  hour,  without  injury  to  the  canals  or  their  struc- 
tures. Fourth,  that  the  boat  can  be  readily  and  easi- 
ly stopped  or  backed  by  the  use  and  power  of  its  own 
machinery.  Fifth,  that  the  simplicity,  economy,  arid 
durability  of  the  invention  or  device  must  be  ele- 
ments of  its  worth  and  usefulness.  Sixth,  that  the 
invention,  device,  or  improvement  can  be  readily 
adapted  to  the  present  canal-boats ;  and  lastly,  that 
the  commissioners  shall  be  fully  satisfied  that  the  in- 
vention or  device  will  lessen  the  cost  of  canal  trans- 
portation, and  increase  the  capacity  of  canals.  The 
act  is  not  to  be  construed  to  apply  to  the  system 
known  as  the  Belgian  system,  or  to  any  mode  of  pro- 
pulsion, by  steam-engines  or  otherwise,  upon  either 
bank  of  the  canal. 

Under  the  stimulus  of  the  above  offer,  quite  a  num- 
ber of  novel  devices  for  propulsion  have  been  invent- 
ed and  patented.  Prominent  among  these  is  the  de- 
vice of  Captain  Goodwin,  which  consists  in  placing  a 
paddle-wheel  across  the  bow  of  the  boat,  and  extend- 
ing cheeks  or  side  walls  beyond  the  bow,  so  as  to  in- 
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close  the  sides  of  the  wheel.  These  cheeks  prevent 
the  bow  swell,  and  drive  the  water  under  the  bottom  of 
the  boat,  so  that  the  banks  are  not  washed  by  the 
motion  of  the  boat.  An  analogous  improvement  is 
that  of  Thomas  Main,  of  Piermont,  New- York.  It 
consists  in  placing  a  screw  propeller  at  the  bow  of  the 
boat,  a  concavity  being  formed  at  the  bow  for  that 
purpose. 

There  appears  to  be  but  one  little  difficulty  in  the 
way  of  obtaining  the  prize  by  some  of  our  inventors, 
and  that  is  the  condition  of  the  law,  which  requires 
that  the  boat,  in  addition  to  the  weight  of  machine- 
ry and  fuel;  shall  be  able  to  carry  two  hundred  tons 
of  cargo  on  the  Erie  Canal,  under  present  canal  regu- 
lations. It  is  stated  that  if  a  steam  canal-boat  be 
made  large  enough  to  do  this,  it  will  be  unable  to 
pass  the  locks.  So  the  State  offers  a  large  reward  for 
the  accomplishment  of  what  is  practically  an  impos- 
sibility. 

OXIDATION    OF    CARBON.      ARTIFICIAL 
PRODUCTION    OF    ANILINE.      A 
NEW    ACID. 
At  the  meeting  of  the  chemical  section  of  the  Ger- 
man Association  for  the  Advancement  of  Science,  at 
Rostock,  on  the  18th  of  September,  1871,  the  Presi- 
dent, Professor  Schulze,  read  a  paper  on  the  direct 
oxidation  of  carbon,  by  means  of  permanganate  of 
potash  in  an  alkaline  solution,  which  excited  lively 
debate ;  and  was  justly  regarded  as  one  of  the  most 
important  chemical  discoveries  of  the  year.     In  addi- 
tion to  copious  quantities  of  oxalic  acid,  and  of  other 
products  not  yet  determined,  the  author  obtained  an 
acid,  to  which  he  has  given  the  name  of  anthraconic, 
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and  which  he  found  to  closely  resemble  mellitic  acid 
in  its  properties.  The  experiment  was  repeated  with 
charcoal  purified  in  a  stream  of  chlorine  gas,  also  by 
calcining  cream  of  tartar,  by  the  reduction  of  carbo- 
nic acid  with  phosphorus,  and  from  graphite.  All  of 
these  varieties  of  carbon  yielded  analogous  results. 
So  great  was  the  interest  manifested  in  the  announce- 
ment, that  the  leading  chemists  adjourned  to  the  pro- 
fessor's laboratory,  there  to  repeat  the  tests  and  to  ex- 
amine into  the  nature  of  the  incidental  products. 
They  soon  came  to  the  conclusion  that  the  new  body 
was  identical  with  mellitic  acid.  By  treating  the 
anthraconic  acid  with  caustic  soda,  benzole  was  pro- 
duced, which  was  converted  into  nitro-benzole,  in 
the  usual  manner,  and  from  this  product  aniline  was 
manufactured.  We  have  in  this  way  the  artificial 
production  of  aniline  from  charcoal,  and  are  brought 
nearer  to  an  explanation  of  the  chemical  properties 
of  carbon,  and  of  important  practical  applications 
likely  to  grow  out  of  such  knowledge.  It  is  another 
step  in  the  distinguishing  characteristic  of  modern  re- 
search, namely,  the  synthetical  method,  or  the  build- 
ing up  of  compounds  from  their  constituent  elements. 
It  is  easy  to  rend  asunder  and  destroy  ;  but  to  rebuild 
requires  the  application  of  the  highest  genius.  The 
discovery  of  Professor  Schulze  is  likely  to  prove  of 
great  importance,  as  soon  as  it  is  thoroughly  under- 
stood and  applied. 

SIE    JOHN    F.    ¥„     HEESGHEL. 
The  name  of  Herschel  has  been  famous  for  over  a 
century,  the  father  of  the  above  being  the  British  as- 
tronomer royal,  famed  for  his  learning  and  diligence 
in  research,  and  for  his  discovery  of  the  planet  Ura- 
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nus,  often  called  Herschel.  John  Frederick  William 
Herscliel  was  born  at  Slough,  Buckinghamshire,  Eng- 
land, in  the  year  1792,  and  was  educated  at  St.  John's, 
Cambridge,  a  college  which  has  the  highest  reputa- 
tion of  any  in  England  for  the  attainments  of  its  ma- 
thematicians. Many  years  of  Herschel's  life  were  de- 
voted to  the  investigation  of  the  nebulae,  and  the 
double  and  triple  stars ;  and  he  has  given  the  world 
catalogues  and  measurements  of  at  least  a  thousand 
whose  positions  and  distances  had  never  before  been 
fixed. 

Four  years  of  his  life  were  spent  at  the  Cape  of  Good 
Hope ;  and  astronomers  are  thereby  indebted  to  him 
for  a  vast  amount  of  knowledge  of  the  phenomena  of 
the  southern  heavens.  He  refused  to  receive  the 
amount  of  his  expenses  on  this  expedition,  although 
Lord  Melbourne,  the  then  prime  minister,  offered  it 
to  him ;  and  his  services  to  science  were  recognized 
by  the  conferring  a  baronetcy  on  him  by  the  Queen. 
He  afterward  became  astronomer  royal  and  master  of 
the  mint.  His  works  are  numerous  and  profound ; 
and  his  social  reputation  was  as  great  as  his  scientific 
renown.     He  died  in  1871,  in  his  eightieth  year. 


BECQUEEEL. 

Antoine  Cesar  Becquerel,  the  celebrated  elec- 
trician, was  born  March  8th,  1788,  and  at  the  time  of 
his  death,  in  1871,  was  in  his  84th  year.  Between 
the  years  1834  and  1840,  he  published  his  great  trea- 
tise on  electricity  and  magnetism,  in  seven  large  oc- 
tavo volumes.  This  was  followed  by  Physics  in  its 
Relations  to  Chemistry,  in  two  volumes ;  and  the 
number  of  his  contributions  to  the  proceedings  of  the 
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Academy,  and  to  the  journals  of  science,  has  been 
very  great.  He  was  one  of  the  most  prolific  of 
French  writers,  and  retained  a  remarkable  vigor  of 
intellect  to  the  last. 


THE  THREADED  AWL. 
This  invention  is  due  to  C.  K.  Bradford,  of  Lynn- 
field,  Mass.  It  consists  in  placing  a  bobbin  in  the 
handle  of  the  awl,  leading  the  thread  out  through  a 
hole  in  the  handle,  and  passing  it  through  an  eye  in 
the  point  of  the  awl.     In  use,  the  awl,  being  passed 


through  the  leather,  carries  with  it  the  thread  ;  then 
being  slightly  drawn  back,  it  forms  a  loop  through 
which  a  second  thread  is  passed.  The  entire  with- 
drawal of  the  awl  then  makes  a  lock-stitch,  similar  to 
that  made  on  some  sewing-machines. 


SMELTING  BY  PETROLEUM. 

A  novel  application  of  petroleum  oils  in  smelting- 
furnaces  has  been  patented  in  England,  by  J.  F. 
Parker  and  E.  Sunderland,  of  Birmingham.  The  in- 
ventors take  petroleum  or  other  like  volatile  oil,  and 
place  it  in  an  air-tight  cistern,  surrounded  with  a 
covering  or  jacket,  and  into  the  said  jacket  they  in- 
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troduce  boiling  water,  or,  by  preference,  steam ;  or, 
by  means  of  a  coil  of  piping  within  the  cistern,  and 
under  the  surface  of  the  oil,  through  which  piping 
steam  is  passed,  they  raise  the  oil  to  the  required  tem- 
perature. They  prefer  a  temperature  of  about  212° 
Fahr.  The  top  of  the  covering  or  jacket  is  provided 
with  a  self-acting  valve  regulated  to  the  desired  pres- 
sure. Through  an  inlet  pipe,  they  pass  a  current  of 
air  over  the  surface  of  the  petroleum  or  volatile  oil, 
which  air  becomes  thereby  carburized  or  charged 
with  the  vapor  of  the  oil.  By  an  outlet-pipe,  they 
conduct  the  carburized  air  into  a  larger  pipe  entering 
the  tweer  of  the  blast-furnace  or  cupola  employed  in 
the  manufacture  or  melting  of  the  iron  or  steel,  which 
larger  pipe  constitutes  a  common  conduit,  into  which 
all  the  gases  and  vapors,  supplied  to  the  furnace  or 
cupola  at  the  tweer,  are  passed,  and  by  which  they 
are  conducted  to  the  furnace  or  cupola. 


PEOFESSOE  MAHAK 

A  long,  honorable,  and  extremely  useful  career  was 
brought  to  a  sudden  termination  September  16th,  1871, 
by  the  decease  of  Dennis  H.  Mahan,  for  forty  years 
Professor  of  Military  and  Civil  Engineering  and  the 
Science  of  War,  at  the  United  States  Military  Acade- 
my, West-Point,  K  Y. 

He  was  born  in  the  city  of  New- York,  in  1802,  and 
appointed  cadet  when  eighteen  years  of  age.  He  was 
acting  assistant  professor  of  mathematics  in  that 
institution  from  1821  until  1824,  when  he  graduated. 
He  was  at  once  appointed  second  lieutenant  in  the 
Engineer  Corps,  and  was  assistant  professor  of  Ma- 
thematics until  1825,  when  he  became  assistant  pro- 
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fessor  of  engineering,  etc.,  at  the  Academy.  He  was 
under  orders  in  Europe  from  September,  1827,  to  May, 
1830,  having  been  attached  in  January,  1829,  to  the 
Military  School  for  Engineers  and  Artillerists  at 
Metz,  France,  by  permission  of  the  French  govern- 
ment. On  his  return  to  America,  in  1830,  he  was 
made  acting  professor  of  military  and  civil  engi- 
neering and  the  science  of  war,  at  West-Point,  and 
in  the  following  year  received  a  full  professorship, 
retaining  this  post  until  his  death. 

As  an  authority  upon  the  subjects  to  which  he  con- 
fined his  study,  he  occupied  a  high  rank;  his  many 
published  works  on  military  science  have  attained  a 
very  extensive  circulation,  besides  being  used  as  text- 
books in  several  military  institutes. 


HISTORY  OF  THE  UNITED  STATES  PATENT- 
OFFICE. 

THE   UNITED    STATES   PATENT    LAWS. 

The  federal  government  was  hardly  organized  be- 
fore applications  were  received  for  patent  or  copy- 
right protection.  Washington  was  inaugurated  Pre- 
sident, April  30th,  1789,  and  a  fortnight  before  that 
event,  David  Ramsay,  of  South-Carolina,  and  John 

Churchman,  of ,   appeared  before  Congress  as 

petitioners,  one  for  the  sole  right  of  vending  his  his- 
tories of  South-Carolina  and  of  the  American  Revo- 
lution; the  other  for  his  process  of  determining  longi- 
tude by  magnetic  variation,  and  selling  his  spheres, 
maps,  charts,  tables,  etc.  Early  in  May,  Alexander 
Lewis,  of  Pennsylvania,  petitioned  for  a  patent  "  set- 
ting forth  that  he  had  discovered  and  constructed  an 
easy  and  expeditious  method  of  impelling  boats  of  25 
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tons  burden  and  under,  against  any  current  or  stream, 
however  rapid ;  also  an  easy  method  of  raising  a  suffi- 
cient quantity  of  water  20  feet  high  to  turn  any  mill." 
Arthur  Greer,  of  Pennsylvania,  the  same  month,  "  for 
his  machine  for  reducing  to  a  certainty  the  discovery 
of  the  true  longitude."  May  12th,  the  widely  known 
Jedediah  Morse  asked  a  copy-right  for  his  geography. 
May  13th,  John  Fitch,  of  Pennsylvania,  a  patent  for 
his  steamboat,  already  patented  by  several  States. 

"When  we  consider  the  momentous  questions  press- 
ing on  the  attention  of  Congress  at  that  time,  its 
consideration  of  the  subject  of  patent  rights  was  ex- 
ceedingly prompt. 

Mr.  Benjamin  Huntington,  member  from  Connec- 
ticut, on  the  23d  of  June,  1789,  reported  from  the 
committee  a  "  Bill  to  promote  the  progress  of  science 
and  the  useful  arts,  by  securing,  for  limited  times,  to 
authors  and  inventors  the  exclusive  right  to  their  re- 
spective writings  and  discoveries."  This  bill  does  not 
seem  to  have  reached  the  Senate ;  but  at  the  second 
session,  February  17th,  1790,  Mr.  Burke,  of  South-Ca- 
rolina reported  a  similar  bill,  which  was  passed  by  the 
House  March  10th,  and  approved  April  10th.  The 
only  clause  which  elicited  much  debate  was  that 
which  gave  a  party  a  right  of  appeal  to  a  jury  from 
the  decision  of  referees,  and  the  clause  was  struck 
out,  the  argument  of  the  objectors  being  that  trials, 
relating  to  matters  of  invention,  demanded  arbitra- 
ment from  persons  of  science  and  experience  specially 
fitting  them  for  the  duty.  It  will  be  noticed  that 
the  bill  in  its  general  form  is  a  repetition  of  article  1, 
section  8,  of  the  federal  constitution. 

EARLY   AMERICAN   PATENTS. 

In  that  year,  1790,  three  patents  were  issued. 
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July  31st.     To   Samuel  Hopkins,   of  Vermont,   for 

mode  of  manufacturing  pot-ash  and  pearl-ash. 
Aug.  6th.  Joseph  Sampson,  Boston,  mode  of  manu- 
facturing candles. 
Dec.  18th.  Oliver  Evans,  of  Philadelphia,  machines 
for  manufacturing  flour  and  meal,  consisting  of  an 
elevator,  conveyor,  hopper-boy,  drill,  and  kiln- 
dryer. 

Evans  and  his  flour-mill  were  almost  as  famous  at 
that  period  as  Fulton,  and  Fitch,  and  Rumsey,  and 
as  early  as  1787,  the  Legislatures  of  Maryland  and 
Pennsylvania  gave  him  exclusive  privileges  for  his 
improvements,  which  effected  a  revolution  in  the 
manufacture,  but  brought  on  a  thirty  years'  war  be- 
tween him  and  the  millers,  in  which  high  courts, 
distinguished  lawyers,  and  finally  Congress  became 
involved.  His  patent  from  the  United  States  in  1790, 
above  referred  to,  from  defects  in  form  and  matter 
proved  no  protection,  and  was  at  last  pronounced 
null  and  void.  In  1808,  Congress  passed  a  special 
act  of  relief,  giving  him  a  new  patent  for  the  term 
of  fourteen  years,  yet  this  document  did  not  bring 
peace,  but  rather  a  sword ;  millers  in  front  of  him, 
millers  at  right  of  him,  millers  at  left  of  him.  Pam- 
phlets and  books  were  published  on  the  subject. 
Thomas  Jefferson  in  1813  discussed  at  length  Evans's 
claims,  and  declared  that  his  string  of  buckets  for 
elevating  wheat  was  as  old  as  Egypt  and  Persia. 
But  allowing  that  his  flour-mill  was  only  an  appli- 
cation of  old  devices  to  new  uses,  the  improvements 
were  of  great  value,  as  the  contest  showed,  and  he 
merited  reward.  In  many  respects  Evans  was  a  re- 
markable man.  His  favorite  project,  when  an  ap- 
prentice, was  to  construct  a  steam  carriage,  and  he  pre- 
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dieted  the  time  when  such  conveyances,  moving  on 
railways  of  wood  or  iron,  would  be  generally  used, 
and  would  run  at  the  rate  of  fifteen  miles  an  hour. 
It  is  claimed  that  he  invented  the  first  steam-engine 
working  on  the  high-pressure  principle.  In  1803-4, 
by  order  of  the  board  of  health  of  Philadelphia,  he 
constructed  the  first  steam  dredging-machine  used  in 
this  country.  It  was  called  the  "  Orokter  Amphi- 
bolos,"  and  having  been  placed  on  wheels,  propelled 
itself  to  the  Schuylkill,  a  distance  of  a  mile  and  a 
half,  and  on  being  fitted  with  a  paddle-wheel  on  the 
stern,  navigated  the  river  down  to  the  Delaware. 

JOHN  FITCH  AND  JAMES  RUMSEY  APPLICANTS  FOE  PATENTS. 

The  year  1791  was  made  memorable,  in  the  early 
history  of  the  Patent-Office,  by  the  application  of  the 
two  distinguished  rivals  and  contestants  for  the 
honor  of  priority  in  steam  navigation,  John  Fitch 
and  James  Pumsey ;  and  the  patents  were  issued  the 
same  day — August  26th,  1791. 

The  Legislature  of  New-Jersey,  in  1785,  gave  the 
former  a  prospective  patent  privilege  for  fourteen 
years,  for  the  use  of  boats  propelled  by  steam ;  but 
not  for  his  devices,  though  these  were  set  before  the 
Legislature,  in  drawings,  and  a  model.  During  the 
next  year,  1786,  both  inventors  made  their  first  expe- 
riments with  working  models,  the  one  on  the  Dela- 
ware, the  other  on  the  Potomac.  A  controversy  soon 
arose,  and  the  discussions  over  the  respective  points 
at  issue,  which  were  then  and  have  been  since  elicit- 
ed, would  fill  volumes.  The  "  Pumsey  Society,"  of 
which  Franklin  was  a  member,  was  soon  formed  in 
Philadelphia  to  further  the  schemes  of  the  inventor ; 
and  he  afterward  received  patents  in  Great  Britain, 
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France,  and  Holland.  In  1792,  lie  made  a  suc- 
cessful experiment  with  Lis  boat  npon  the  Thames, 
and  was  preparing  for  another  when  he  died.  Con- 
gress, in  1839,  presented  to  his  son  a  gold  medal, 
"  commemorative  of  his  father's  services  and  high 
agency  in  giving  to  the  world  the  benefit  of  the  steam- 
boat." Fitch  also  went  to  Europe  to  introduce  his  in- 
vention, but  was  less  fortunate  ;  and  in  1794,  worked 
his  passage  home  as  a  common  sailor,  and  two  years 
afterward  committed  suicide. 

For  complete  success  in  steam  navigation,  the  honor 
was  reserved  for  the  more  persevering  and  practical 
Fulton,  aided,  financially  at  least,  by  Robert  Livingston. 
In  1798,  an  act  was  passed  by  the  New- York  Legis- 
lature, repealing  the  act  of  1787,  in  favor  of  Fitch, 
and  transferring  to  Livingston  the  right  of  navigating 
the  waters  of  the  State  by  steam,  on  condition 
that  within  twelve  months  he  should  navigate  the 
Hudson  River,  in  a  boat  of  twenty  tons,  at  four  miles 
an  hour,  and  not  omit  for  one  year  to  run  such  a  boat 
between  New- York  and  Albany.  It  was  not  until 
1807,  that  the  "  Clermont"  made  her  first  trip  up  the 
Hudson,  a  vessel  130  feet  in  length,  and  with  a  speed 
of  five  miles  an  hour.  Fulton's  first  patent  was 
granted  in  1809,  and  a  second  in  1811,  and  these  were 
limited  to  the  means  of  adapting  paddle-wheels  to  the 
axle  of  the  crank  of  a  Watt  engine.  The  power 
of  the  Legislature  to  grant  the  steamboat  monopoly 
was  denied.  *  An  opposition  company  was  formed  to 
establish  another  line,  and  a  suit  followed,  the  chan- 
cellor deciding  that  a  privilege  of  that  nature  was  re- 
pugnant to  the  constitution,  and  against  common 
right.  The  Legislature  was  then  appealed  to,  and,  by 
another  enactment,  the  monopoly  was  confirmed  and 
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held  by  Fulton  and  Livingston  until  the  death  of  the 
former. 

Other  patents  were  issned  to  Fnlton ;  one  for  the 
manufacture  of  cordage,  in  1808,  and  another  in  1814 
for  submarine  boats,  to  be  used  in  maritime  warfare. 

A  list  of  early  American  inventions  would  include 
many  names  of  which  the  country  may  well  be  proud. 
In  this  brief  reference  to  them,  the  names  of  Amos 
Whittemore  and  Eli  Whitney  should  not  be  omitted, 
the  former  the  inventor  of  the  card-making  machine, 
patented  in  1797,  the  latter  famous  the  world  over 
for  his  cotton-gin,  patented  in  1794.  In  1796,Whitte- 
more  received  patents  for  a  machine  for  cutting  nails, 
also  for  a  "loom"  and  for  a  "perambulator,"  for 
measuring  speed  of  vessels. 

EARLY    HISTORY   OF   THE    PATENT-OFFICE. 

We  have  no  knowledge  whether  at  first,  and  down 
to  the  year  1802,  who  any  one  was  appointed  in 
the  State  Department  exclusively  to  manage  the 
business  of  the  patents  ;  but  about  the  time  last  men- 
tioned, Dr.  William  Thornton  was  placed  in  charge. 
In  the  traditionary  history  of  the  Patent-Office,  his 
name  has  come  down  as  its  first  superintendent ;  and 
he  officiated  in  this  capacity  from  1802  to  the  time 
of  his  death,  March  28th,  1828.  The  office  in 
those  days  could  not  have  burdened  the  treasury ;  for 
in  1816,  an  incipient  "  blue  book"  presents  it  thus  : 

Superintendent,  William  Thornton,  salary,     $1400 
Clerk,  William  Elliott,  "  500 

Messenger,  Benjamin  Fenwick,  "  72 

In  1827,  the  force  was  increased  by  the  addition 
of  one  clerk ;  and,  in  the  mean  time,  the  salaries  had 
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been  raised  to  $1500,  $800,  and  $250.  Mr.  Elliott 
was  a  man  of  ability,  and,  in  1821,  determined  the 
longitude  of  Washington,  by  special  order  of  Con- 
gress. 

DR,    "WILLIAM    THORNTON. 

A  brief  notice  of  Dr.  Thornton  may  not  be  out  of 
place  in  this  connection.  He  was  an  Englishman, 
and  connected  with  a  family  of  that  name,  promi- 
nent among  the  Friends.  He  was  born  in  the  island 
of  Tortola,  and  his  nncle  was  at  one  time  president 
of  the  island.  At  an  early  age  he  displayed  a  talent 
for  drawing,  and  mnch  enthusiasm  in  the  study  of 
natural  history.  A  favorite  resort  was  an  island  of  a 
few  square  rods  in  extent,  just  off  the  main  island  ; 
and  it  was  not  uncommon  for  it  to  present  the  appear- 
ance of  an  immense  white  sheet,  so  entirely  would  he 
cover  it  with  the  various  drafts  he  made  on  his  mo- 
ther's table-linen  for  the  purpose  of  drying  the  nu- 
merous specimens  of  marine  treasures  he  found  there. 
When  a  lad,  and  on  a  visit  to  his  uncle  in  England,  he 
one  day  brought  to  him  two  £5  notes,  and  asked  him  to 
select  the  one  he  thought  best  engraved,  and  it  prov- 
ed to  be  the  one  he  had  just  copied  with  pen  and  ink. 
His  uncle  was  so  alarmed  by  this  display  of  counter- 
feiting, that  he  prevailed  on  him  to  kneel  before  him 
and  solemnly  promise  never  to  repeat  such  dangerous 
handiwork  as  that.  After  finishing  his  professional 
studies  at  Edinburgh  and  traveling  very  extensively 
on  the  continent,  he  came  to  this  country  and  resided 
at  Philadelphia.  It  was  there  that  he  made  the  ac- 
quaintance of  Washington,  who,  in  1794,  appointed 
him  one  of  the  three  commissioners  to  survey  and  lay 
out  the  federal  capital ;  and  this  office  he  held  until 
the  board  was  dissolved,  in  1802.     He  first  resided  at 
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Georgetown  ;  but,  at  the  particular  request  of  Wash- 
ington, came  to  that  city,  purchasing  one  of  the 
first  houses  erected  there,  now  occupied  by  Dr.  Miller, 
on  F  street,  near  Fourteenth  street.  The  acquaintance 
with  General  Washington  ripened  into  an  intimacy, 
and  his  house  was  the  President's  familiar  resort. 
Dr.  Thornton,  when  residing  in  Philadelphia,  became 
associated  with  Fitch  in  his  experiments  in  steam  na- 
vigation, both  as  an  inventor  and  shareholder. 

In  1788,  Rumsey  applied  to  the  Legislature  of 
Pennsylvania  for  a  patent  which  conflicted  with  this 
already  granted  to  Fitch,  and  the  parties  presented 
their  claims  before  the  Assembly  ;  and,  after  a  week's 
hearing,  the  decision  *was  in  favor  of  Fitch.  Dr. 
Thornton  took  a  prominent  part  on  that  occasion  in 
behalf  of  Fitch. 

In  1810,  he  published  a  somewhat  lengthy  defense 
of  Fitch,  which  was  reprinted  in  the  Patent-Office 
Peport  for  1850.  It  was  in  that  communication  that 
Dr.  Thornton  makes  the  statement,  that  Fulton  was 
indebted  to  him  for  valuable  suggestions  derived  from 
his  own  drawings,  which  Fulton  saw  when  he  visited 
the  Patent-Ofiice,  about  1806. 

DESTRUCTION   OF    THE    PATENT-OFFICE   BY   FIRE. 

The  year  1836  was  also  memorable  in  the  history 
of  the  Patent-Office  for  the  destruction  by  fire  of  all 
its  papers,  records,  books,  and  models.  On  the  night 
of  the  fire,  December  15th,  1836,  the  clerks  of  the 
post-office  had  been  at  work  in  assorting  the  mails  as 
late  as  half-past  two  o'clock,  and  very  soon  after  this, 
a  fire  was  discovered  in  the  vault  under  the  delivery 
window ;  but  a  full  half-hour  passed  before  an  engine 
or  bucket  of  water  could  be  commanded — so  stated  a 
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city  paper  of  that  date.  Amos  Kendall,  the  Post- 
master-General, with  the  aid  of  the  few  persons  who 
were  in  the  building,  managed  to  save  most  of  the 
books  of  the  general  post-office,  but  the  Patent-Office 
up-stairs  was  not  so  fortunate. 

A  special  committee  was  at  once  appointed  by  Con- 
gress to  examine  and  report  on  the  extent  of  the  loss, 
and  consider  measures  to  repair  the  same.  From  the 
report  presented  by  Mr.  Ruggles,  the  chairman  of  the 
committee,  we  gather  the  following  facts :  Every 
thing  belonging  to  the  office  was  destroyed.  There 
were  168  large  folio  volumes  of  records,  and  26  large 
portfolios  containing  9000  drawings  ;  also  the  original 
specifications  of  inventions,  in  all  about  10,000,  be- 
sides caveats  and  other  documents.  There  were  also 
230  volumes  of  books.  The  number  of  models  de- 
stroyed was  about  7000,  many  of  them  displaying 
great  mechanical  ingenuity  and  invention.  The  Ame- 
rican inventions  in  spinning,  even  at  that  time,  sur- 
passed, in  many  respects,  those  of  any  other  nation. 
Browne,  Thorpe,  Danforth,  Conilliara,  Calvert,  were 
prominent  inventors  in  this  department.  The  beauti- 
ful operative  model  of  Wilkinson's  machine  for  mak- 
ing weaver's  reeds  by  one  operation  was  one  of  the 
most  ingenious  combinations  of  devices,  as  was  also 
Whittemore's  celebrated  card-making  machine.  The 
inventions  of  Briggs,  Perkins,  Reed,  and  others  in  the 
manufacture  of  cut  and  wrought  nails  were  very 
valuable,  as  well  as  those  in  grist-mills,  saw-mills, 
water-wheels,  etc.  The  application  of  steam-power  had 
brought  out  a  great  number  of  inventions,  showing  an 
ingenuity  and  science  highly  creditable  to  the  country. 
The  famous  patent  to  Robert  Fulton  was  issued 
February  9th,  1811,  but  no  model  had  been  deposited 
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in  the  Patent-Office.  There  was,  however,  a  volume 
of  drawings  elegantly  executed  by  his  own  hand,  de- 
lineating the  various  parts  of  the  machinery,  and  also 
three  sketches  of  his  steamer  making  its  first  trip  up 
the  Hudson,  in  1807.  The  volume  contained  also  an 
account  of  his  experiments  on  the  propulsion  of  ves- 
sels and  the  resistance  of  fluids.  The  patent  to  John 
Fitch  for  a  steamboat  was  issued  still  earlier,  August 
26th,  1791,  but  it  is  not  certain  that  he  deposited  a 
model.  At  the  time  of  the  fire  more  than  300  pa- 
tents had  been  issued  pertaining  to  steam-engines  and 
the  application  of  steam-power.  In  the  department 
of  agriculture  there  were  many  models,  and  1500  pa- 
tents granted ;  also  1000  patents  connected  with  na- 
vigation ;  more  than  2000  in  factory  machinery ;  in 
the  common  mechanical  trades  as  many  more. 

It  was  deemed  so  important  to  the  incerests  of  the 
Patent-Office  that  as  far  as  possible  the  drawings,  mo- 
dels, and  specifications  destroyed  should  be  replaced, 
that  Congress  at  once  appropriated  $100,000  for  this 
purpose,  and  a  circular  was  sent  to  every  part  of  the 
country,  and  to  each  of  the  ten  thousand  patentees, 
calling  upon  them  and  the  public  in  general  to  aid  in 
the  restoration.  It  was  also  enacted  that  all  copies 
of  the  records,  drawings,  assignments  thus  destroyed, 
on  being  certified  by  the  commissioners,  should  be  re- 
ceived as  prima-facie  evidence  in  the  courts ;  and  a 
more  pressing  clause  was  added  to  the  effect  that  no 
patent  issued  prior  to  the  date  of  the  fire  should  be 
so  received  in  the  courts,  until  it  had  been  recorded 
in  the  Patent- Office  and  a  drawing  deposited ;  the  same 
rule  applicable  to  assignments  also.  In  1837,  the  sum 
of  $10,705.15  was  expended  in  this  work  of  restora- 
tion, and  so  on  from  year  to  year. 
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COMMISSIONERS   OF   PATENTS. 

The  following  is  the  list  of  all  the  commissioners 
with  the  dates  of  their  appointment : 

H.  L.  Ellsworth,  July  4th,  1836. 
Edmund  Burke,  May  4th,  1845. 
Thomas  Ewbank,  May  19th,  1849. 
Silas  H.  Hodges,  November  8th,  1852. 
Charles  Mason,  May  16th,  1853. 
Joseph  Holt,  September  10th,  1857. 
William  D.  Bishop,  May  22d,  1859. 
Philip  F.  Thomas,  February  16th,  1860. 
D.  P.  Holloway,  March  28th,  1861. 
T.  C.  Theaker,  August  17th,  1865. 
Elisha  Foote,  July  29th,  1868. 
Samuel  S.  Fisher,  April  26th,  1869. 
Mortimer  D.  Leggett,  January  30th,  1871. 

(On  another  page  we  give  a  portrait  of  Commissioner 

Leggett.) 

Under  the  act  of  July  8th,  1870,  the  office  of  as- 
sistant commissioner  was  created,  to  which  Samuel  A. 
Duncan  was  appointed,  July  15th,  1870. 

List  of  the  Principal  Officers  of  the  United  States  Patent-Office, 
with  their  Salaries,  1871. 

Salary.  Salary. 

Commissioner  of  Patents.  Connolly,  T.  C $2500 


Leggett,  M.D $4500  ^feT'jV   " 

Assistant- Commissioner  of  Patents.         Folge'r,  T.  67.7 
Duncan,  S.  A 3000  Gregory,  G.  W. 


Examiners-in- Chief  He&^S " • 


Clarke,  R.  LB 3000  jayne,  J.  W.. 

Hodges,  SH MunsoVH.T, 

Thacher,  J.  W Nolen,  deo.  A 


Chief  Clerk.  Parks,  C.  M. 


Grinnell,  Jas.  S 2500  Peale,  T.  R. 

Examiner  of  Interferences.  9^inn'  Emmett . 

Adams,  Jos.H 2500  Spear,PEllis .' ." . .' ." 

Examiners.  Stewart,  D.  S . . . 

Bates,  H.  H 2500  Sturges,  G.  A. . . 

Brainerd,  J "  Tasker,  J.  C.     . 
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Salary.  Salary. 

Taylor,  W.  B $2500  Covington,  R $1600 

Wilkinson,  A.  G "  Doolittle,  M.  H ' 

Assistant-Examiners.  ^oxi0'  9--~ !! 

D  .    „  ^ont.  Freund,  L.  P " 

!0Ve£  ^  £ ....$1800  Hale,  WB " 

£^Tw^* "  Hopkins.M.S « 


Browne  Wm.H Jewell,  Thos. .. . 

Burke,  Wm Lehman,  F.  A 

CallanE.lN       .     '       Lupton,  Jas 

Chandler,  M.T.E ;      Page.  Chas.  G 

Clarke,  Geo  H Parkinson,  J.  G. . . 

Collaraer  W   I    Philipp,  M.  B 

Fahnestock,  S.  S Raymond,  Aug.  H. 

Fowler   F     Ritter,  Jr.,  F/W... 

Hayes,  A.  L Sanders,H.  P 

Hodges,  W "      Singleton,  W.  R... 

Lamson   F.  S .  •      stockbridge,  V.  D. 

Matile,Geo  A Watson,  C.  H. 


mS  cnas::::::::::::::::::::  -          **>  ®a* curu. 

Newlander,  Jas "  Castle,  D.  E $1800 

Parkhurst,  C.  B "  Donn,  E.  W " 

Seaton,  M "  McCormick,  Hugh " 

Sutphen,  W.  A "  Moore,  A. 


Theaker,  Nelson "      Upperman,  C.  E " 

Woodward,  T.C "  Librarian. 

Second  Assistant-Examiners.  Schaeffer,  Geo.  C $2000 

Ashley,  Jas.  A $1600  Machinist. 

Chapman,C.W "      Gill,  R.  C 1600 

In  addition  to  the  foregoing,  about  two  hundred 
and  fifty  other  persons,  who  perform  clerical  duties, 
are  employed  at  the  Patent-Office,  making  the  total 
number  of  employees  three  hundred  and  thirty. 

This  does  not  include  the  large  force  of  printers, 
lithographers,  and  book-binders,  who  are  employed 
outside  of  the  Patent-Office  in  printing  the  patents 
and  drawings. 

The  drawings  are  printed  in  Brooklyn,  N.  Y.,  by 
the  American  Photo-Lithograph  Company.  They  are 
first  photographed  and  then  transferred  to  stone,  by 
Osborn's  process,  of  which  the  view  of  the  Post-Office 
on  another  page  is  an  example. 

THE   PATENT-OFFICE   BUILDING. 

The  present  United  States  Patent-Office  building  is 
one  of  the  most  beautiful  public  edifices  in  the  coun- 
try. It  was  designed  by  the  late  William  P.  Elliot, 
of  Washington,  D.   C,   and   its   erection  was  com- 
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menced  in  1836.  It  is  a  quadrangular  block,  of  the 
Grecian  Doric  order,  from  the  Parthenon  at  Athens. 
The  Patent- Office  is  like  the  Parthenon,  or  temple  of 
Minerva,  only  so  far  as  the  order  of  architecture  is 
concerned.  The  latter  was  surrounded  by  a  row  of 
columns,  and  the  entire  building  was  only  one  hundred 
feet  front,  by  two  hundred  and  twenty  feet  long; 
whereas  our  Patent  Office  is  four  hundred  and  ten  feet 
long,  by  two  hundred  and  seventy-five  feet  broad,  and 
from  sixty  to  seventy-five  feet  high ;  but  it  is  not 
entirely  surrounded  by  columns.  Within  is  an  open 
court  one  hundred  and  twelve  feet  broad  by  two  hun- 
dred and  seventy-one  feet  long.  The  building  occu- 
pies over  two  and  a  half  acres  of  ground.  Our  en- 
graving is  from  a  drawing  by  the  architect  himself. 

With  the  exception  of  three  or  four  years,  the  re- 
ceipts of  the  Patent-Office  have  exceeded  the  disburse- 
ments, which,  however,  do  not  include  the  cost  of 
printing  the  annual  reports,  these  being  regarded  as 
public  documents.  January  1st,  1871,  the  Patent- 
Office  fund  had  reached  the  large  sum  of  $143,355.21. 

The  growth  of  the  office  is  indicated  by  a  few 
figures : 


1837 

Applications. 
700 

Patents  issued. 
435  

Cash  received. 
29,289  08 

1840 

1850 

1860 

1870 

1871 

765 

2193 

7653 

19171 

....19429 

473 

995 

4819  

13,321 

12,950 

38,056  51 

86,927  05 

256,352  59 

669,456  76 

671,583  81 

The  number  of  patents  issued  by  the  United  States 
Patent-Office  up  to  December  31st,  1871,  was  about 
125,000.  The  number  of  models  on  hand  is  about 
120,000.  The  cost  to  the  government  for  examining 
each  application  for  a  patent  is  $28. 
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IMPORTANT  IMPKOVEMENT  IN  GLASS  AND 
PLATE  ENGKAVING. 

We  chronicle  on  another 
page  the  recent  invention  of 
Tiighman,  who,  by  means 
of  a  powerful  blast  of  steam 
or  air,  impels  a  jet  of  sand 
with  such  tremendous  force 
against  the  surfaces  of  glass, 
stone,  or  other  materials, 
that  they  are  cut,  engraved, 
bored,  or  dressed,  as  may 
be  desired. 

We  have  now  to  record 
another  improvement  in 
an  analogous  direction,  al- 
though the  means  employed 
are  far  simpler,  while  the 
results  produced  are  very  remarkable.  We  allude  to 
the  invention  of  George  F.  Morse,  287  West  Twelfth 
street,  New- York,  for  which  a  patent  was  granted 
Nov.  21st,  1871. 

The  inventor  provides  a  single  box  or  hopper  A, 
from  which  depends  a  small  tube  C,  about  eight  feet 
long.  No  machinery  whatever  is  used.  A  mixture 
of  corundum  and  emery,  in  the  form  of  powder,  is 
placed  in  the  hopper  and  allowed  to  descend  through 
the  tube,  the  flow  being  regulated  by  the  slide  B. 
The  article  to  be  engraved,  which  may  be  a  silver 
cup,  a  watch-case,  a  sheet  of  glass,  a  goblet,  or  other 
object,  is  held  under  the  extremity  of  the  tube,  so  that 
the  engraving-powder  will  fall  upon  it,  and  in  a  few 
minutes'    time    the    most    splendid   ornamental    de- 
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signs  are  cut  with  marvelous  exactitude  and  sur- 
prising beauty.  We  have  seen  engraved  effects,  pro- 
duced by  this  process,  upon  glass  and  silver-ware,  that 
altogether  surpass  any  thing  that  has  ever  been  at- 
tempted by  the  most  skilled  hand  labor. 

As  fast  as  the  supply  of  the  engraving-powder  runs 
down  through  the  tube,  it  is  replaced  in  the  hopper ; 
and  girls  may  do  all  the  work.  That  portion  of  the 
surface  of  the  articles  that  is  not  to  be  engraved  is 
protected  by  paper  or  other  substance.  The  engrav- 
ing, therefore,  is  done  by  cutting  out  the  desired 
pattern  in  paper,  which  is  then  applied  to  the  surface 
of  the  article.  The  powder  only  acts  between  the 
interstices  of  the  pattern. 

This  simple  and  beautiful  invention  promises  to 
revolutionize  the  art  of  plate  and  glass  engraving. 
By  its  use  the  adornment  of  all  kinds  of  wares,  in 
the  most  superb  manner,  may  be  quickly  accom- 
plished, at  a  tithe  of  the  cost  of  the  ordinary  methods. 
The  invention  is  now  in  successful  practical  operation 

in  this  city. 

— •— ■ 

Ammonia  as  a  Motor. — The  use  of  ammonia  as  a 
motor  for  the  propulsion  of  street  railway  cars  has 
been  successfully  accomplished  by  Dr.  Lamm,  and  a 
Company  to  work  the  invention,  called  the  Ammonia 
Propelling  Company,  has  been  formed  in  New-Or- 
leans, La.  The  ammonia  is  condensed  into  liquid 
form,  and  allowed  to  expand  into  gas  against  a  piston, 
which  drives  the  car.  It  requires  one  and  a  half  cubic 
feet  of  the  liquid  to  drive  the  car  seven  miles,  the 
pressure  on  the  piston  being  120  pounds  throughout 
the  trip.  Many  hundreds  of  trips  have  been  made, 
and  the  invention  promises  important  results. 
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BRITISH  ARMOR-PLATED    SHIP   GLAT- 
TOK 

Our  engraving  shows  one  of  the  latest  specimens 
of  British  armor-plated  war  vessels,  designed  by  Mr. 
E.  J.  Reed,  late  Chief  Constructor  of  the  British 
Navy,  and  intended  not  for  sea-going  service,  bnt  for 
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harbor  defense.  Its  appearance  is  somewhat  uncouth, 
but  it  is  undoubtedly  a  most  effective  vessel  for  the 
special  purpose  for  which  it  is  intended.  Its  length 
is  264  feet,  its  breadth  54  feet,  and  its  draught  19  feet. 
It  is  raised  out  of  water  3  feet,  which  can  be  reduced 
to  2  feet  by  flooding.  Its  tonnage  is  2700  tons.  The 
illustration  represents  the  Grlatton  in  her  lighting 
trim,  just  as  she  went  out  upon  the  recent  trial  of  her 
gun-carriages. 

The  other  illustrations  are  a  plan  and  elevation  of 
the  turret,  showing  the  gun-carriages  and  the  guns 


SECTIONAL  ELEVATION  OE  THE  GLATTON'S  TUKRET  AND  GUNS. 

run  out,  ready  for  firing,  when  the  range  is  clear. 
The  carriages  were  designed  by  Captain  Scott,  K.K 
The  guns  weigh  25  tons  each,  and  constitute  the  arma- 
ment of  the  Glatton,  and  are  capable  of  throwing  a 
shot  or  shell  of  600  pounds.  The  turret  revolves  by 
steam  in  thirty  seconds,  or  by  hand  in  three  minutes. 
The  first  light  deck  extends  from  the  armed  breast- 
work,  7   feet    high    and  120    feet   long,   which   in- 
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closes  and  protects  the  base  of  the  turret-funnel  and 
air- passages,  right  aft  to  the  stern  ;  its  width  being, 
however,  scarcely  more  than  a  third  of  the  ship's 
deck,  proper.  Above  this  a  second  light  or  flying 
deck  is  shown,  with  a  hollow  box  in  which  the  men's 
beds  are  kept  by  day. 


THE  NEW  CENSUS. 

The  following  table,  prepared  by  the  Census  Bu- 
reau at  Washington,  gives  the  total  population  of  all 
the  States  and  Territories  of  the  Union,  by  the  enu- 
meration of  1870.  It  will  be  seen  that  the  total  popu- 
lation of  the  United  States  in  1870  was  38,538,180, 
an  increase  in  ten  years  of  7,094,859,  or  twenty-one 
per  cent.  In  1860,  by  the  census  of  that  year,  the 
population  was  31,443,321. 


Alabama 996.988 

Arkansas 483,179 

California 560,285 

Connecticut 537,418 

Delaware 125,015 

Florida 187,756 

Georgia 1,200,609 

Illinois 2,539,63S 

Indiana 1,673,046 

Iowa 1,191,802 

Kansas 362,872 

Kentucky 1,321.001 

Louisiana 732,731 

Maine 626,463 

Maryland 780.806 

Massachusetts 1,457,351 

Michigan 1,184.296 

Minnesota 435,511 

Mississippi 834,170 

Missouri 1,715,000 

Nebraska 123,000 

Nevada... 42,491 

New-Hampshire 318.300 

New-Jersey 905,794 

New- York 4.364,411 

North-Carolina 1,069.614 

Ohio 2.662.214 

Oregon    90.922 

Pennsvlvania 3.515,993 


Rhode  Island  . . 
South-Carolina 

Tennessee 

Texas  

Vermont 

Virginia 

West- Virginia.. 
Wisconsin  


217,356 
728,000 

1,255.983 
797.500 
330.552 

1,224,830 
445,616 

1,055,167 


Total 38,095,680 


District  of  Columbia  — 

TERRITORIES. 


Arizona 

Colorado 

Dakota 

Idaho 

Montana 

New-Mexico . 

Utah 

Washington. 
Wyoming 


131,706 


9,658 
39,706 
14,181 
14,998 
20.594 
91,852 
80,786 
23,901 

9,118 


Total  District  &  Territories 
Total  of  States 


442,500 
,095,680 


Total  United  States 38,538,180 
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THE  WOODPECKER  TELEGRAPH. 

This  is  a  new  and  ingenious  electrical  cabinet,  in- 
tended for  the  especial  benefit  of  all,  whether  old  or 
young,  who  wish  to  obtain  a  practical  knowledge  of 
electricity,  without  going  to  the  heavy  expenses  of 
large  and  costly  instruments.  It  is  the  invention  of 
L.  Duerden,  Telegraph  Engineer  of  the  Broadway 
Underground  Railway.  Our  engraving  illustrates 
only  a  portion  of  the  apparatus,  namely,  the  telegraph 
instrument,  which  is  shown  in  full  size.  It  may  be 
used  as  a  burglar-alarm,  as  a  signal  telegraph  with  the 
Morse  alphabet,  or  as  an  index  telegraph.  Used  as  the 
latter,  any  person,  even  children,  may  readily  transmit 
telegraph  messages  without  previous  instruction  ;  all 
that  is  required  being  to  touch  a  telegraph-key  which 
makes  the  lettered  plate  on  top  of  the  instrument  re- 
volve one  notch  or  letter  for  each  touch.  The  pointer 
G  indicates  the  proper  letters  of  the  message ;  and 
the  plate  makes  a  proper  pause  whenever  the  required 
letter  comes  to  the  pointer.  With  this  instrument 
telegraph  communication  may  be  readily  established 
between  the  different  apartments  of  a  dwelling  or 
factory,  or  between  separated  dwellings  or  buildings 
in  town  or  country. 

The  armature  of  the  instrument  A  rests  on  a 
spring  B,  attached  to  a  post  C,  having  at  a  an  orifice 
for  the  battery  wire,  the  other  wire  being  placed  at  I. 
The  arm  D  rises  from  the  armature  and  carries  a  ham- 
mer E,  by  which  bells  may  be  rung  ;  or  the  hammer 
may  be  set  so  as  to  strike  on  a  board  or  window-pane, 
producing  a  general  alarm.  With  a  few  bits  of  sheet 
brass  and  wires,  one  may  connect  all  the  doors  and 
windows  of  one's  house  and  barn  with  the  instrument, 
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and  so  possess  an  effective  burglar  alarm.  The 
throw  of  the  hammer  is  regulated  by  the  nutL;  J  J 
are  the  usual  wire  spools,  and  K  the  soft  iron  poles  of 
the  magnet ;  H  an  ornamental  base  of  wood.  By  a 
simple  shift  of  the  battery-wires  and  turning  down  of 
the  hook  F,  the  instrument  is  changed  from  a  bell- 
ringer  to  an  index  or  a  signal  telegraph.  The  Morse 
telegraph  code  may  be  used  for  signals,  and  the  art 
of  practical  telegraphy  may  be  thus  acquired.  It  is 
securely  put  up  in  a  neat  cabinet,  together  with  a 
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novel  and  effective  little  battery  on  Grove's  principle, 
with  acids,  wires,  telegraph-keys,  a  galvanometer,  an 
electric  fuse,  etc.  ;  the  whole  apparatus  complete, 
ready  for  working,  with  pamphlet  of  instructions,  is 
sold  for  $15  ;  with  two  of  the  telegraph  instruments, 
$20.  Made  by  F.  C.  Beach  &  Co.,  260  Broadway,  KY. 
With  this  little  apparatus  in  one's  possession,  all  the 
principal  phenomena  of  voltaic  electricity  may  be 
practically  demonstrated,  such  as  the  production  of 
magnetism,  the  lifting  of  weights,  electro-plating, 
telegraphy,  the  electric  light,  heat  and  cold,  firing  of 
explosives,  physical  shocks,  decomposition,  electroly- 
sis, crystallization,  motion,  magnetic  effect  of  one  cur- 
rent on  another,  induction,  etc. 


New  Bail  way  Depot  in  New- York. — Anew  pas- 
senger railway  depot,  the  largest  of  the  kind  in  the 
world,  has  lately  been  opened  for  traffic.  It  is  located  at 
the  junction  of  Forty-second  street  and  Fourth  avenue, 
and  was  erected  at  an  expense  of  about  $1,000,000 
by  the  New- York  Central  and  Hudson  Biver  and 
Harlem  Bailroads. 

The  building  is  a  gigantic  affair,  being  nearly  800 
feet  in  length  by 240  in  width,  and  is  thus  about  four 
acres  in  floor  area.  The  crown  of  the  arched  roof  is 
over  100  feet  from  the  ground;  and  the  iron  and 
glass  of  which  the  roof  is  built,  and  which  is  now  the 
universal  system  of  roof  building  for  railroad  pur- 
poses, insure  to  the  depot  plenty  of  light  and  an  airy 
and  pleasant  appearance.  Offices  for  the  transaction 
of  the  business  of  the  three  roads,  well  built  and  deco- 
rated, are  provided. 

Telegraphic  communication  is  made  from  the  depot- 
master's  office  to  all  the  switches. 
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The  Baltimore  and  Potomac  E.  C.  Company  and 
the  Union  Kailroad  Company  are  building  under- 
ground railways  through  the  city  of  Baltimore  Md., 
of  which  about  one  mile  in  length  was  completed  in 
1871.  This  road  passes  under  Winchester  street,  Wil- 
son street,  North  avenue,  and  Hoffman  street. 

A  charter  has  been  granted  for  an  underground  rail- 
way in  Washington,  D.  C,  to  pass  along  under  N  St. 

Action  of  Sulphurous  Aero  on  Phosphates. — The 
ordinary  bone  phosphate,  called  tribasic,  is  easily  solu- 
ble in  sulphurous  acid,  and  if  the  solution  be  hastily 
boiled  and  evaporated  in  open  vessels,  a  crystalline 
double  salt,  a  mixture  of  tribasic  phosphate  with  a  sul- 
phite of  lime,  will  separate.  This  new  and  remarka- 
ble body  is  said  to  be  quite  permanent,  and,  in  refer- 
ence to  its  use  as  a  disinfectant  and  upon  farm  land, 
is  certainly  deserving  of  especial  notice.  If  we  can, 
by  means  of  sulphurous  acid,  decompose  the  phos- 
phates, we  shall  avoid  the  expense  of  sulphuric  acid, 
which  must  first  be  made  from  sulphurous  acid,  and 
obtain  a  product  not  so  difficult  to  handle,  and  capa- 
ble of  a  greater  variety  of  uses  than  the  superphos- 
phate made  in  the  old  way. 


An  interesting  event  at  New- York,  in  July,  1871, 
was  the  erection  in  the  Central  Park  of  a  fine  bronze 
statue,  life-size,  of  Professor  Morse,  of  telegraphic 
fame.  An  immense  concourse  of  people  were  present, 
speeches  and  other  interesting  ceremonies  were  ob- 
served. In  the  evening,  a  gathering  took  place  at  the 
Academy  of  Music,  when  Professor  Morse  made  an 
interesting  address  upon  the  general  history  and  pro- 
gress of  telegraphy. 
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THOMAS  HENRY  HUXLEY,  F.K.S.,  LL.D. 

This  eminent  naturalist  was  born  in  the  year  1825. 
He  was  appointed  to  succeed  Dr.  Edward  Forbes, 
as  Professor  of  Paleontology  at  the  Government 
School  of  Mines,  in  London  ;  he  has  also  been  Pro- 
fessor of  Anatomy  in  the  Royal  School  of  Surgery, 
and  of  Physiology  in  the  Royal  Institution  of  Great 
Britain. 

At  a  meeting  of  the  British  Association  he  had  a 
famous  tilt  with  Prof.  Owen,  and  on  another  occasion 
Samuel  Wilberforce,  Bishop  of  Oxford,  blandly  asked 
him  in  the  presence  of  a  large  audience,  "Is  the 
learned  gentleman  really  willing  to  have  it  go  forth 
to  the  world  that  he  believes  himself  to  be  descended 
from  a  monkey  V  Professor  Huxley  rose  and  replied 
in  his  quiet  manner,  "  It  seems  to  me  that  the  learn- 
ed bishop  hardly  appreciates  our  position  and  duty  as 
men  of  science.  We  are  not  here  to  inquire  what  we 
would  prefer,  but  what  is  true.  The  progress  of 
science  from  the  beginning  has  been  a  conflict  with 
old  prejudices.  The  true  origin  of  man  is  not  a 
question  of  likes  or  dislikes,  to  be  settled  by  consult- 
ing the  feelings,  but  it  is  a  question  of  evidence,  to  be 
settled  by  strict  scientific  investigation.  But,  as  the 
learned  bishop  is  curious  to  know  my  state  of  feeling 
upon  the  subject,  I  have  no  hesitation  in  saying  that, 
were  it  a  matter  of  choice  with  me  (which  clearly  it  is 
not)  whether  I  should  be  descended  from  a  respecta- 
ble monkey  or  from  a  bishop  of  the  English  church, 
who  can  put  his  brains  to  no  better  use  than  to  ridi- 
cule science  and  misrepresent  its  cultivators,  I  would 
certainly  choose  the  monkey  /"  The  reply  was  received 
with  a  storm  of  applause,  and  Huxley  was  not  after- 
wards troubled  with  senseless  questions. 
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Professor  Huxley  is  a  very  industrious  man.  In 
addition  to  the  writing  of  valuable  books,  such  as 
Man's  Place  m  Nature,  The  Origin  of  Species,  and 
the  like,  he  delivers  elaborate  lectures  to  the  stu- 
dents of  the  School  of  Mines,  and  special  courses  of 
evening  lectures  for  working  men. 


STANISLAS   SOKEL. 

Stanislas  Soeel,  the  son  of  a  poor  clock-maker  at 
Putanges,  in  the  department  of  Orne,  France,  was 
born  in  1803.  He  received  no  education,  but  at  an 
early  age  began  to  toil  at  the  paternal  trade. 

GALVANIZING    OF   IKON   DISCOVERED. 

In  1838,  he  discovered  and  perfected  in  detail  the 
process  of  galvanizing  iron,  and  his  invention  was  cor- 
dially recognized  by  the  Society  for  the  Encourage- 
ment of  National  Industry,  which  awarded  him  a 
gold  medal.  From  this  success  his  advance  was  rapid 
and  brilliant.  Not  a  year  passed  in  which  he  did  not 
produce  some  original  discovery  or  some  important 
improvement  in  practical  science. 

He  invented  the  alarm-whistle  attached  to  the  safe- 
ty apparatus  of  steam-boilers ;  improvement  in  the 
manufacture  of  oxide  of  zinc,  now  generally  adopted ; 
the  water-proofing  of  woven  fabrics  ;  the  oxy chloride 
of  zinc  cement,  the  cheap  filling  for  teeth  now  used 
by  dentists  under  various  names,  but  which  for  gene- 
ral purposes  was  superseded  by  his  last,  and,  as 
M.  Sorel  always  claimed,  greatest  discovery,  the  oxy- 
chloride  of  magnesium  cement. 

Stanislas  Sorel  died  at  Paris,  March  18th,  1871,  in 
the  sixty-ninth  year  of  his  age. 
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MANUFACTURE  OF  BLEACHING  AGENTS. 
The  proposition  to  make  chlorine  directly  from  hy- 
drochloric acid  in  the  soda-ash  manufactories,  has  been 
thoroughly  tested  within  the  past  year.  The  hydro- 
chloric acid  is  taken  at  once  from  the  condensing 
towers,  is  passed  over  the  floor  of  a  reverberatory  fur- 
nace, where  it  is  decomposed  through  the  agency  of 
copper  salts,  which,  it  is  said,  can  be  regenerated,  and 
used  any  number  of  times.  This  process  dispenses 
with  the  use  of  manganese,  and  must  greatly  reduce 
the  cost  of  bleaching  powders,  the  economical  pro- 
duction of  which  depends  upon  cheap  chlorine.  Paral- 
lel with  the  direct  use  of  hydrochloric  acid  has  been 
matured  the  plan  of  regenerating  the  manganese  salts 
of  the  chlorine  process,  so  as  to  use  them  an  indefinite 
number  of  times ;  between  the  two  improvements,  we 
are  likely  to  have  our  paper  stock  and  cotton  goods 
bleached  at  a  much  lower  rate  than  formerly. 


HENRY  BURDEN. 

Henry  Burden,  inventor  and  mechanic,  was  born 
at  Dunblane,  Scotland,  April  20th,  1791.  Arriving  in 
this  country  in  1819,  he  devoted  himself  to  the  im- 
provement of  agricultural  implements.  His  first  effort 
was  in  making  an  improved  plow.  He  subsequently 
invented  the  famous  horse-shoe  machinery,  which  pro- 
duces from  the  iron  bars  sixty  shoes  per  minute.  At 
the  time  of  his  death  in  1871,  Mr.  Burden  was  one  of 
the  most  extensive  manufacturers  in  the  United 
States,  and  amassed  a  large  fortune.  He  settled  at 
Troy,  N.  Y.,  where  he  had  a  very  extensive  establish- 
ment. 
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BABY-POWEK  WASHING-MACHINE. 

Babies  have  heretofore  occasioned  considerable 
work  in  the  family,  without  the  ability  on  their  part 
to  render  a  quid  pro  quo.  But  here  is  an  ingenious 
contrivance  that  all  babydom  will  welcome,  for  it 
enables  them  to  mount  the  rocker,  and  at  the  same 


THE  BABT  WASHING-MACHINE. 

time  to  do  the  family  washing.  John  Higbarger,  of 
Sharpsburg,  Md.,  is  the  inventor,  and  his  name  will 
go  down  to  posterity  done  up  in  the  cleanest  of 
diapers. 

A  tank  with  ribbed  sides  is  intended  to  hold  the 
clothing,  and  the  water  and  the  soap.  The  clothes 
are  washed  by  the  oscillation  of  a  rocking-chair  with 
ribbed  rocker  bottom,  as  shown,  the  rocking  being 
effected  by  the  hands  of  the  operator,  which  grasp  a 
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hand-bar.     The  rocker  is  counterpoised  by  weights, 
as  shown. 

In  addition  to  its  use  for  infants,  we  commend  it  to 
the  notice  of  that  large  class  of  adult  babes,  men  and 
women,  who  do  nothing.  Far  better  to  mount  a  dig- 
nified throne  like  this  and  oscillate  the  hours  away 
in  washing,  than  to  waste  the  time  in  idleness. 


THE  SNORER'S  NIGHTCAP. 

This  device  is  intended  for  the  use  of  those  whose 
facial  muscles  relax  during  sleep,  when  the  lower  jaw 
falls,  the  mouth  opens,  and  snoring  ensues.  It  has 
been  alleged  that  persons  who  sleep  with  the  mouth 
open  are  liable  to  fevers  and  other  miasmatic  diseases. 

The  operation 
of  this  inprove- 
ment  will  be 
readily  under- 
stood by  a  glance 
at  the  engraving. 
It  prevents  the 
opening  of  the 
mouth.  There 
are  many  per- 
sons who  might 
use  this  patent 
in  the  day-time 
as  well  as  at 
night,  with  com- 
fort to  their  neighbors,  if  not  to  themselves.  M.  F. 
Pinckard,  New-Orleans,  La.,  is  the  patentee. 
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LOUIS   AGASSIZ. 

ISTo  living  man  lias  studied  nature  with  greater 
ardor  and  perseverance,  or  contributed  more  to  the 
solution  of  natural  problems,  than  Professor  Agassiz. 
His  life  has  been  intensely  laborious,  but  he  has 
labored  in  love,  and  has  therefore  endured  an  amount 
of  work  that  would  have  wrecked  the  health  of  ordi- 
nary men. 

His  portrait,  which  accompanies  this  sketch,  indi- 
cates a  man  of  great  mental  and  physical  power,  in- 
tense tenacity  of  purpose,  and  keen  observation.  He 
has  a  large  brain,  but  a  body  that  can  nourish  and 
carry  it. 

Louis  Agassiz  was  born  in  the  parish  of  Mottier, 
Switzerland,  May  28th,  1807,  his  father  being  the 
Protestant  clergyman  in  charge  of  the  parish.  Up  to 
the  age  of  eleven  years,  his  education  was  in  sole 
charge  of  his  mother,  a  most  intelligent  and  in  every 
way  superior  woman. 

At  a  very  early  age,  he  evinced  a  taste  for  and 
ability  in  the  prosecution  of  scientific  researches  that 
gave  large  promise  of  future  usefulness;  but  we  have 
not  space  to  follow  him  through  the  various  steps 
which  prepared  him  for  the  position  he  has  filled  in 
the  world  of  science  in  later  life. 

Professor  Agassiz,  now  at  the  age  of  sixty-four 
years,  has  engaged  in  the  conduct  of  a  deep-sea  ex- 
ploring expedition,  which  will  involve  arduous  labor 
and  care  for  a  considerable  period.  We  trust,  how- 
ever, that  the  vitality  which  has  hitherto  sustained  him 
will  not  fail.  This  expedition  was  fitted  out  under 
the  auspices  of  the  government,  in  the  immediate 
interests  of  the  scientific  researches  of  the  Coast  Sur- 
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vey.  A  voyage  round  the  world  is  contemplated,  and 
the  vessel,  provided  with  an  able  corps  of  assistant 
scientific  observers,  and  abundant  deep-sea  sounding 
apparatus,  sailed  for  the  West-Indies  last  fall. 

A  letter  written  by  him  from  St.  Thomas,  in  De- 
cember, gives  an  interesting  account  of  the  outward 
voyage,  during  which  he  examined  the  sea-weeds  and 
their  inhabitants.  Among  other  discoveries  made  was 
that  of  a  fish-nest,  filled  with  eggs,  floating  on  the  ocean. 
The  nest  was  made  of  sea-weeds.  The  Professor 
hatched  out  many  of  the  eggs,  and  was  thus  enabled 
to  recognize  and  classify  the  species. 


IMPKOYED    HITCHING-POST. 

Our  engraving  shows  a  novel  hitching-post  for 
horses,  designed  to  prevent  them  from  breaking 
halters,  and  to  give  free  play  to  their  heads,  while,  at 

the  same  time,  they  are 
prevented  from  entang- 
ling their  fore-feet  with 
the  strap,  etc.  The  ring 
to  which  the  halter-strap 
is  tied  is  attached  to  the 
end  of  a  chain,  which 
chain  is  attached  to  a 
ball  or  weight  in  the  hol- 
low of  the  post.  A  pull 
on  the  strap  hoists  the 
weight  a  short  distance, 
and  when  the  strain  is 
lessened,  the  weight 
takes  up  the  slack  again, 
and  so  keeps  the  strap 
drawn  tight  within  certain  limits. 
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THE  HOP-EXTKACT. 

Amcxng-  the  important  inventions  developed  during 
the  past  year,  is  that  of  Professor  Charles  A.  Seeley, 
chemist,  of  No.  26  Pine  street,  New- York,  for  prepar- 
ing hop-extracts.  The  hops  are  placed  in  a  closed 
vessel  filled  with  benzine  or  some  light  hydro-carbon ; 
the  effect  of  which  is  to  extract  the  essential  ingre- 
dients of  the  plant.  After  steeping  for  half  an  hour 
or  so,  heat  is  applied  to  the  vessel,  whereby  the  ben- 
zine is  distilled  over,  and  condensed  for  re-use,  leav- 
ing behind  the  pure  hop-extract,  which  is  then  drawn 
off,  a  good  and  merchantable  article,  useful  for  the 
manufacture  of  beers  and  all  substances  in  which  the 
employment  of  hops  is  requisite. 

Beer -makers  and  -hop-dealers,  instead  of  being  in 
cumbered  by  the  purchase  and  storage  of  the  bulky 
hop  leaves,  may  now  readily  obtain  all  the  virtues 
thereof  in  the  form  of  the  hop-extract,  a  dark-brown 
liquid  of  peculiar  pungency  and  flavor,  of  which  a 
couple  of  quarts  or  so  represent  a  bale  of  hops. 

The  immense  losses  to  which  hop-growers  and 
dealers  are  now  subjected  by  damages  incident  to  the 
transport  and  storage  of  the  bulky  material  are  by  this 
simple  improvement  wholly  prevented.  Hop-growers, 
instead  of  shipping  their  hops  to  market,  will  hereafter 
manufacture  the  extract  on  their  own  premises,  or  in 
their  villages,  and  general  trade  in  hops  will  disappear. 

Nothing  but  stupid  prejudice  can  long  delay  the 
general  introduction  of  this  invention ;  for  the  most 
searching  practical  trials  on  large  scales  have  demon- 
strated that  the  hop-extract  is  a  perfect  substitute  for 
hops  in  all  their  uses. 

Prof.  Seeley  is  entitled  to  the  highest  credit  for  the 
development  of  this  new  and  valuable  improvement. 
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BOILEE  EXPLOSIONS. 

An  important  series  of  practical  experiments  for  the 
purpose  of  determining  exactly  what  are  the  various 
conditions  under  which  steam-boilers  may  be  ex- 
ploded, has  been  undertaken  by  the  united  railway 
companies  of  New- Jersey,  under  the  special  direction 
of  F.  B.  Stevens,  Esq.,  of  Hoboken,  New- Jersey. 

A  variety  of  boilers  have  been  selected  for  trial,  and 
during  the  fall  of  1871,  nine  of  the  boilers  were  land- 
ed on  the  government  reservation  at  Sandy  Hook, 
New- Jersey.  Up  to  the  close  of  the  year,  three  expe- 
riments had  been  made,  in  the  presence  of  govern- 
ment officials,  and  prominent  engineers,  every  thing 
being  conducted  in  the  best  manner.  Pipes  from  the 
boilers  were  extended  to  a  safe  distance,  and  accurate 
gauges  applied — every  thing  being  carefully  timed 
and  recorded. 

The  third  experiment  was  with  an  old  steamboat 
boiler  which  stood  a  hydrostatic  pressure  of  60  pounds 
per  inch  without  damage.  But  when  the  steam  pres- 
sure reached  58 \  pounds,  the  boiler  exploded  with 
tremendous  force,  the  parts  being  carried  to  consider- 
able distances,  one  fragment,  weighing  3£  tons,  being 
carried  450  feet.  The  water  stood  above  all  flues  at 
the  moment  of  explosion.  According  to  the  official 
report  of  Chief -Engineers  Isherwood,  De  Luce,  and 
Albert,  of  the  IT.  S.  N.,  the  following,  among  other 
conclusions,  may  be  drawn  from  this  experiment : 

"That  in  accounting  for  either  the  fact  of  an  explosion,  or  for  its 
destructive  effects,  there  is  no  necessity  for  hypotheses  of  low-water, 
enormous  pressures,  instantaneous  generations  of  immense  quantities 
of  steam,  superheated  steam,  the  formation  of  hypothetical  gases,  de- 
velopment of  electricity,  etc.,  etc.  The  most  frightful  catastrophe  can 
be  produced  by  simply  gradually  accumulating  the  pressure  of  saturated 
steam  to  a  strain  at  which  the  strength  of  the  boiler  yields,  uor  need  that 
pressure  be  much  above  what  is  ordinarily  employed  with  boilers  of  this 
type." 
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CHAELES  DAKWIK 

Scarcely  any  naturalist  of  modern  times  has  cre- 
ated such  a  sensation  in  the  department  of  natural 
science  as  Professor  Darwin.  He  was  born  in  Eng- 
land in  1809.  His  aptitude  for  the  study  of  the 
branches  of  science  in  which  he  has  since  occupied 
such  a  preeminent  position  would  seem  to  be  heredi- 
tary, as  he  is  the  grandson  of  the  celebrated  Dr.  Eras- 
mus Darwin,  author  of  the  Botanic  Garden,  Ori- 
gin of  Society,  Zoonomia,  etc.  Soon  after  his  gra- 
duation at  Cambridge,  Mr.  Darwin  was  selected 
as  the  naturalist  to  accompany  a  surveying  expedi- 
tion dispatched  by  the  British  Navy  to  make  observa- 
tions in  the  Southern  Seas.  He  served  without  sala- 
ry, upon  condition  that  he  should  have  the  entire  dis- 
posal of  his  own  collections.  These  were  received  in 
England  with  the  highest  encomiums,  and  the  presi- 
dent of  the  Geological  Society  declared  that  his  voy- 
age was  one  of  the  most  important  events  in  science 
that  had  occurred  for  many  years. 

Mr.  Darwin  had  acquired  a  high  position  in  the 
scientific  world  by  the  publication  of  several  elabo- 
rate works  on  geology  and  kindred  subjects  before  he 
became  well  known  to  the  general  reading  public  by 
his  more  recent  works  of  a  speculative  character. 
The  first  of  these  was  his  essay  on  the  Origin  of 
Species,  published  in  1859,  which  attracted  great  at- 
tention, although  the  theories  which  he  has  since 
boldly  proclaimed  were  in  that  work  scarcely  more 
than  suggested.  It  was  printed  by  tens  of  thousands 
of  copies  into  nearly  all  the  modern  languages,  and 
Darwin's  name  has  since  become  a  household  word. 

But  the  boldest  and  most  ingenious  of  his  many 
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productions  was  his  latest  work,  The  Descent  of 
Man,  in  which  he  advocates  the  theory  that  man 
himself  is  but  a  step  in  the  progressive  order  of  cre- 
ated beings,  proceeding  by  gradual  degrees  from  in' 

ferior  types. 

—•— 

DUST-SHIELD  FOE  KAILWAYS. 

A  new  device  to  prevent  the  rise  of  dust  into  the 
cars,  invented  by  William  M.  K.  Thornton,  of  St. 
Louis,  Mo.,  was  applied  during  the  past  year  on  some 
of  the  Western  railroads  with  much  success.  It  con- 
sists of  a  horizontal  floor  suspended  from  the  body  of 
the  car,  so  as  to  stand  a  short  distance  above  the  track. 
The  concussion  of  air,  created  by  the  trucks  and 
other  obstructions  under  the  car,  such  air  coming  in 
contact  with  the  earth,  is  the  cause  of  dust.  This  ap- 
paratus prevents  the  air-currents  from  reaching  the 
ground,  and  therefore  the  dust  does  not  rise. 


A  very  curious  and  ingenious  little  machine  is  now 
made  about  the  size  and  form  of  a  common  watch, 
and  is  worn  in  the  vest  pocket.  It  denotes  on  a  dial 
every  step  a  person  takes ;  consequently,  if  you  mea- 
sure your  ordinary  step,  you  can  tell  exactly  how  many 
miles  you  have  walked. 


Landscape  photographers  very  frequently  run  short 
of  filtering  paper.  Cotton,  or,  still  better,  gun-cotton, 
forms  an  excellent  substitute.  A  piece  of  gun-cotton 
placed  in  the  neck  of  the  funnel  will  last  for  a  long 
time,  and  does  not  exercise  any  deleterious  influence 
on  the  nitrate  bath.  Instead  of  pasting  the  labels  on 
the  negatives,  bottles,  etc.,  with  gum-arabic,  take 
strips  of  albumen  paper,  which  sticks  just  as  well. 
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TUNNEL  UNDEK  DETBOIT  EIYEE. 

The  grand  engineering  work  of  connecting  the 
Great  Western  Kailway  of  Canada  with  the  Michigan 
Central  Railway  by  a  double  railway  tunnel  under 
the  Detroit  River,  at  Detroit,  Mich.,  was  begun  last 
fall,  and  is  being  vigorously  carried  on.  The  tunnels, 
each  15  feet  diameter,  are  to  be  constructed  of  circular 
form,  arranged  fifty  feet  apart.  The  length  of  each 
tunnel  will  be  8568  feet. 


A  New  Brass. — The  difficulty  of  uniting  iron  to 
brass  is  created  by  the  unequal  rate  of  expansion  in 
the  two  metals,  which  destroys  the  unity  when  the 
temperature  is  changed.  A  new  alloy  of  copper  is 
announced,  and  it  is  said  that  its  expansion  by  heat  is 
so  similar  to  that  of  iron  and  steel  that  the  surfaces 
may  be  regarded,  when  joined,  as  permanently  unit- 
ed, for  all  practical  purposes.  The  formula  is  as  fol- 
lows :  Tin,  3  parts  ;  copper,  39-J  parts ;  zinc,  7£  parts. 
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RELATIVE   TO  PATENTS    OP  A  GENERAL  NATURE,   CONTAINED  IN 
THE  REPORTS  PUBLISHED  DURING  THE  YEAR   1871. 

ABANDONMENT. 

An  application  for  a  patent  was  filed  during  tlie  month  of  January, 
1856,  but  rejected.  Eight  months  afterward,  the  application  was  re- 
newed, and  a  second  time  rejected. 

In  1858,  the  applicant  learned  of  his  right  to  appeal,  but  took  no 
further  steps  in  the  matter.  In  1865,  he  died,  having  in  the  seven  years 
preceding  that  event  taken  out  four  patents,  but  done  nothing  further 
to  obtain  a  patent  for  the  invention  in  question.  In  1869,  his  adminis- 
trator revived  the  application,  and  was  put  in  interference  with  a 
party  holding  a  patent,  dated  January,  1868. 

Held,  that  the  applicant  had  abandoned  his  invention,  and  should  not 
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be  permitted  to  revive  his  application.    Gates  v.  Benson,  3  Am.  Law 
Times,  (U.  S.  Courts,)  113. 

Forfeiture  and  abandonment  are  not  favored,  and  must  be  clearly 
made  out.     Singer  v.  Braunsdorf,  7  Blatchford,  Circuit  Court,  521. 

APPLICATION. 

Where  the  model  and  drawings  accompanying  an  application  exhibit 
the  improvements  claimed,  the  applicant  is  deemed  to  have  applied  for 
letters- patent  for  every  thing  found  in  such  models  and  drawings,  for 
which  he  could,  at  the  time  of  making  such  application,  have  obtained 
a  valid  patent.    Singer  v.  Braunsdorf,  7  Blatchford,  Circuit  Court,  521. 

ASSIGNMENT. 

An  assignment,  by  one  of  "all  his  property  and  estate,  whatsoever 
and  wheresoever,  of  every  kind  and  description,"  conveys  patent  rights 
and  extensions,  if  the  party  own  any.  Railroad  Co.  v.  Trimble,  10 
Wallace,  367. 

And  an  assignment  of  an  extension  of  a  patent,  before  any  extension 
has  been  issued,  will  vest  in  the  assignee  the  legal  as  well  as  the  equi- 
table title.    lb. 

But  an  assignment  of  a  patent  does  not  usually  carry  with  it  any 
right  beyond  the  original  term  for  which  the  patent  was  granted.  If 
the  contrary  is  intended,  it  must  be  specifically  set  forth.  Jenkins  v. 
The  Nicholson  Pavement  Co.,  3  Am.  Law  Times,  (U.  S.  Courts,)  177. 

An  interest  in  the  net  proceeds  of  collections,  under  a  patent,  does 
not  necessarily  amount  to  legal  ownership  of  the  patent  itself.  Jordan 
v.  Dobson,  2  Abb.  U.  S.  Rep.  398. 

But  an  assignment  of  all  the  "right,  title,  and  interest"  of  the 
patentee  in  and  to  his  invention  and  letters-patent  therefor,  within  and 
throughout  a  specified  territory,  conveys  such  an  exclusive  right,  that 
the  assignee  may  sue  in  his  own  name  for  an  infringement  within  such 
territory.     Perry  v.  Corning,  7  Blatchford,  Circuit  Court  Rep.,  195. 

And  such  an  assignee,  suing  in  equity  for  an  infringement  of  the  pat- 
ent, is  not  obliged  to  allege  in  his  bill  the  recording  of  the  assignment. 
Id. 

Nor  will  the  omission  to  record  such  an  assignment  within  three 
months  after  its  execution  render  it  invalid  as  between  the  parties  there- 
to; though  otherwise,  as  regards  a  subsequent  purchaser  from  the 
patentee,  for  a  valuable  consideration,  without  notice,  and  acting  in 
good  faith.    Id. 

EXTENSION  OF  PATENT. 

The  grant  for  a  limited  time  of  an  exclusive  right  to  an  invention, 
does  not  imply  a  binding  contract  that,  at  the  expiration  of  that  period, 
the  invention  shall  become  public  property.  Evans  v.  Eaton,  Pet. 
Circuit  Court,  337. 

Consequently  Congress  may  by  special  act,  notwithstanding  the  fact 
that  the  original  patent  has  previously  expired,  and  the  invention  been 
introduced  into  public  use,  authorize  the  extension  of  a  patent.  Jor- 
dan v.  Dobson,  2  Abb.  (  TJ.  S. , )  399 ;  Gunstock  Turning  Co.  v.  Warner,  1 
Blatchford,  Circuit  Court,  274;  Blanchard  v.  Haynes,  6  West,  Law  J.,  83. 

INFRINGEMENT. 

The  resemblance  between  a  patented  and  unpatented  design,  even 
though  sufficient  to  mislead  casual  observers  and  purchasers,  and  to  in- 
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duce  them  to  mistake  the  latter  design  for  the  former,  will  not  of  itself 
constitute  an  infringement  of  the  patent.  Gorham  Manufacturing  Co. 
v.  White,  7  Blatchford,  Circuit  Court,  513. 

Where  the  defendant,  under  an  order  from  the  Secretary  of  the  Navy 
of  the  United  States,  constructed  and  applied  armor  to  a  vessel  huilt  for 
the  United  States,  and  received  payment  for  the  same  from  the  Secretary 
of  the  Navy  :  Meld,  in  a  suit  for  infringement  of  letters-patent,  that 
although  the  armor  may  have  been  the  same  in  arrangement  as  that 
covered  by  the  patent,  yet  the  mere  putting  on  of  the  armor,  by  the  de- 
fendant, on  a  vessel  owned  by  the  United  States,  was  not  a  making,  or 
using,  or  vending  to  be  used,  of  the  armor  by  the  defendant.  Heaton 
v.  Quintard,  8  Blatchford,  Circuit  Court,  73. 

Whether  the  United  States  are  excluded  from  the  right  to  make  for 
themselves  and  use  a  patented  invention,  without  the  consent  of  the 
patentee,  under  the  grant  by  them  to  him  of  an  exclusive  right  to 
make,  use,  and  vend  it  ?     Quere.    lb. 

INJUNCTION. 

Where,  during  the  pendency  of  a  suit  for  infringement,  the  patent 
expires,  the  court  will  not  grant  a  perpetual  injunction.  The  com- 
plainant, however,  is  entitled  to  an  accounting.  Evans  v.  Eaton,  Pet. 
Circuit  Court,  337. 

INVENTION. 

A  valid  patent  can  not  be  granted  on  a  claim  to  the  use  of  the  proper 
chemicals  to  precipitate  the  metal  from  the  liquid  waste  solution,  by 
putting  such  chemicals  into  any  suitable  vessel  containing  the  solution. 
The  Shaw  &  Wilcox  Co.  v.  Lovejoy,  7  Blatchford,  Circuit  Court,  232. 

Inventions  generally  consist  in  new  modes  of  employing  what  was 
before  known,  so  as  to  produce  thereby  effects  either  not  produced  be- 
fore, or  not  produced  in  that  manner,  or  not  produced  so  usefully. 
Hailes  v.  Van  Wormer,  7  Blatchford,  Circuit  Court,  443. 

Thus  if  the  combination  of  the  old  devices  be  supplemented  by  other 
and  new  devices,  cooperating  therewith,  and  thereby  a  new  and  useful 
result  is  produced,  not  attained  by  the  action  of  the  old  devices,  that  is 
an  invention.     lb.,  Seymours.  Osborne,  11  Wallace,  516. 

And  the  patentee  of  such  a  combination,  even  though  the  ingredients 
are  old,  may  treat  every  one  engaged  in  making,  using,  or  vending  the 
combination  without  his  license,  as  an  infringer.  Seymour  v.  Os- 
borne, 11  Wallace,  516. 

But  the  mere  addition  of  an  old  device,  producing  a  specific  result,  to 
another  old  device  producing  its  own  result,  in  such  wise  that  their 
combination  produces  those  same  two  results  and  no  other,  is  not  an 
invention.     Hailes  v.  Van  Wormer,  7  Blatchford,  Circuit  Court,  443. 

Although  a  combination  of  old  devices  may  be  patented  where  a  new 
and  useful  result  is  produced,  no  one  can,  by  combining  several  devices, 
each  of  which  is  old,  thereby  deprive  others  of  the  right  to  use  them 
in  new  combinations,  or  of  the  right  to  use  some  of  them  in  combina- 
tion, omitting  others.  Hailes  v.  Van  Wormer,  7  Blatchford,  Circuit 
Court,  443. 

NOVELTY. 

A  patent  is  not  invalidated  by  the  fact  that  the  invention  claimed  in 
it  was  described,  but  not  claimed,  in  a  patent  granted  subsequently  to 
the  making  of  the  application  for  the  patent  secondly  issued,  but  before 
it  was  granted.     Singer  v.  Braunsdorf,  7  Blatchford,  Circuit  Court,  521. 
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The  omission  to  make  all  the  owners  of  a  patent  parties  to  the  suit 
is  a  fatal  defect  in  a  bill  to  enjoin  the  infringement  of  letters -patent. 
Jordon  v.  Dobson,  2  Abb.  V.  S.  398. 

Only  those  persons,  however,  to  whom  the  patent  was  issued,  or  to 
whom  interests  in  it  have  been  transferred  by  assignment  in  writing, 
duly  authenticated,  are  regarded  as  owners  within  this  rule.     lb. 

PRESUMPTION. 

The  grant  of  letters-patent,  when  lawfully  exercised  by  the  Com- 
missioner of  Patents,  is  prima-facie  evidence  that  the  patentee  is  the 
first  inventor  of  that  which  is  described  and  claimed  in  them.  Seymour 
v.  Osborne,  11  Wallace,  516. 

And  in  the  absence  of  fraud,  the  recitals  contained  in  letters-patent 
are  conclusive  evidence  that  the  necessary  oaths  were  taken  before  the 
patent  was  granted.     lb. 

It  is  also  settled  that  the  action  of  the  commissioner,  in  granting  an 
extension,  is  conclusive  of  all  the  facts  he  is  required  to  find.  Evans 
v.  Eaton,  Pet.  Circuit  Court,  337. 

So,  too,  with  respect  to  a  reissued  patent.  The  courts  will  presume 
that  the  commissioner  duly  performed  his  duty  of  ascertaining  that  the 
defect  in  the  original  specification  was  occasioned  by  inadvertence, 
accident,  or  mistake,  and  that  the  amended  description  is  of  the  same 
invention  as  was  covered  bv  the  original  patent.  Jordan  v.  Dobson,  2 
Abb.  U.  S.  398. 

Except  as  against  allegations  of  fraud  in  the  transaction,  this  pre- 
sumption is  conclusive.  It  leaves  nothing  open  but  the  fairness  of  the 
transaction.  (Stimpson  v.  West-Chester  R.  R.  Co.,  4  How.  380;  Wood- 
ward v.  Stone,  3  Story,  Circuit  Court,  749;  Allen  v.  Blunt,  lb.  742; 
Curtis  on  Patents,  280.)    Jordan  v.  Dobson,  2  Abb.  U.  S.  398. 

SPECIFICATIONS. 

A  specification  accompanying  an  application  for  a  patent  is  always 
open  to  amendment  of  its  description  and  claims,  and  to  the  addition 
of  new  matter  of  description  and  new  claims.,  where  the  drawings  and 
models  exhibit  the  matter  involved  in  the  amendment  and  additions ; 
and  this  privilege  continues  until  the  matter  of  the  application  is  finally 
disposed  of,  by  the  granting  of  the  patent  or  otherwise.  Singer  v. 
Braunsdorf,  7  Blatchford,  Circuit  Court,  521. 

And  in  a  suit  for  the  infringement  of  a  patent,  where  it  appeared 
that  the  defendant's  lock  contained  substantially  the  entire  mechanical 
arrangement  contained  in  the  specifications  of  the  plaintiff  :  Held,  that 
the  plaintiff's  patent  ought,  if  possible,  to  be  so  construed  as  to  make 
it  valid  with  reference  to  the  defendant's  lock.  Coffin  v.  Ogden,  7 
Blatchford,  Circuit  Court,  61. 

STATUTE   OF   LIMITATIONS. 

Where  in  an  action  on  the  case  for  the  infringement  of  letters-patent, 
the  defendant  pleaded  actio  non.  accrevit  infra  sex  annos,  based  upon  the 
Statute  of  Limitations  of  New-York,  it  was  held,  on  demurrer,  that 
such  plea  was  a  good  bar  to  the  action  brought  in  this  State.  (Parker 
v.  Hawk,  2  Fisher's  Patent  Cases,  58;  Parker  v.  Hall,  lb.  62  note; 
Leffmo;well  v.  Warren,  2  Black,  599 ;  McCluny  v.  Silliman.  3  Peters, 
270.)  'Rich  v.  Rickett,  7  Blatchford,  Circuit  Court,  230. 
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Time,  Art  of  employing 190 

Tools,  Used  in  Well-Boring 264 

Toy,  The  new  Humming 103 

Transparent  Cement 267 

Transplanting  large  Trees 286 

Trees,  Transplanting 286 

Tunneling-Machine 254 

Tunnel,  The  Hoosic 170 

Tunnel,  The  Mont  Cenis 207 

Tunnel  under  Detroit  River 395 

Underground  Railway,  Baltimore 379 

Underground  Railway,  New- York 252 

Underground  Tunneling-Machine 254 

United  States,  Area  of 278 

United  States  Measures  and  Weights 293 

Venus,  the  Planet 52 

Victoria,  Floating  Islands  of. 102 

Walking,  Dial  for 394 

War  Ship  Ariadne 55 

Washing-Shield 194 

Washing-Machine,  Baby 384 

Washers,  Elastic 244 

Water,  Production  from  Hydrogen 166 

Weeding  Implement,  Improved 66 

Weighing-Machine 204 

Weights  and  sp.  Gravity  of  various  Substances  237 

Wells,  Artesian  Drilling  of 261 

Woodpecker  Telegraph 376 

Worlds,  Other,  Life  in 50 

Yacht-Races  in  1871 195 

Yacht  Columbia 196 

Yacht  Livonia 1* 


INVENTIONS  AND  PATENTS. 

How  to  Secure  them ;   and  how  to  Profit 
by  them. 

By  MUNN  &  CO., 

For  more  than  25  Years  past  Solicitors  op  American  and 
Foreign  Patents. 


Under  the  present  American  law,  all  per- 
sons pay  the  same  official  fees,  without  dis- 
tinction as  to  nationality.  Patents  are  also 
granted  to  women  and  minors ;  also  the  ex- 
ecutors or  administrators  of  deceased  in- 
ventors. 

The  first  government  fee  on  filing  an 
application  for  a  patent  is  $15 ;  postages,  $1. 
Add  to  this  the  attorney's  charge  for  draw- 
ings, specification,  and  attendance  to  the 
business  of  the  case  before  the  Patent-Office. 
Our  charge  for  these  services  is,  for  simple 
cases,  $35 ;  and  from  that  upward  to  $35  or  more,  according  to  the  time 
and  labor  required.  If  the  patent  is  "allowed,"  a  second  government 
fee  of  $20  is  then  to  be  paid. 

recapitulation  op  costs. 
First  Government  fee  and  stamps,         .._._.        §±q 
Munn  &  Co.,  Specifications,  Drawings,  and  Business,    -        -  25 

*  Cost  of  making  the  application        -  $41 

Second  Government  fee,  payable  if  allowed,    -  20 

t  Whole  cost  of  patent,  (if  a  simple  case,)  -  -  -  $61 
In  order  to  apply  for  a  patent,  all  that  is  necessary  is  to  send  a 
model  of  the  invention  to  Munn  &  Co.,  by  express,  with  an  explanation 
of  the  merits  and  working  of  the  invention.  Never  mind  spelling  or 
grammar,  but  be  very  particular  to  give  your  ideas  in  full  about  the  in- 
vention. Send  us  also  the  first  government  fee  of  $16.  We  will  then 
prepare  the  drawings  and  specifications,  and  send  the  latter  to  you  for 
signature  and  oath. 

Do  not  put  the  money  in  the  box  with  the  model,  for  it  is  liable  to  be 
stolen.     Remit  by  express,  postal  order,  check,  or  draft. 

Address  all  letters  and  models  to  Munn  &  Co.,  37  Park  Row,  New- 
York. 

*  If  a  patent  is  not  granted,  the  applicant  loses  the  cost  of  making  the  application. 
t  When  an  appeal  is  required,  there  are  additional  expenses. 


CAW   I   OBTAIN   A  PATENT? 

Persons  who  have  made  inventions,  and  are  in  doubt  about  the  nov- 
elty or  patentability  thereof,  are  invited  to  communicate  freely  with 
Messrs.  Munn  &  Co.,  who,  without  charge,  will  advise  them  whether  a 
patent  may  be  obtained,  and  how  best  to  secure  their  rights. 

We  (Munn  &  Co.)  have  been  actively  engaged  in  the  business  of  ob- 
taining patents  for  over  twenty-five  years.  Many  thousands  of  invent- 
ors have  had  benefit  from  our  counsels.  A  large  proportion  of  all 
patents  granted  are  obtained  by  us. 

Those  who  have  made  inventions  and  desire  to  consult  with  us  in 
regard  to  obtaining  patents,  are  cordially  invited  to  do  so.  We  shall  be 
happy  to  see  them  in  person  at  our  office,  or  to  advise  them  by  letter. 
In  all  cases,  they  may  expect  from  us  an  honest  opinion.  For  such  con- 
sultations, opinion,  and  advice,  we  make  no  charge.  A  pen-and-ink 
sketch,  and  a  description  of  the  invention,  should  be  sent,  together 
with  stamps  for  return  postage.  Write  plain ;  do  not  use  pencil  nor 
pale  ink ;  be  brief. 

All  business  committed  to  our  care,  and  all  consultations,  are  kept  by 
us  secret  and  strictly  confidential.  Address,  Munn  &  Co.,  37  Park 
Row,  New-York. 


CAVEATS. 

The  filing  of  a  Caveat  is  oftentimes  of  great  im- 
portance, as  it  may  be  quickly  done,  and  affords  a 
limited  but  immediate  protection.  The  filing  of  a 
Caveat  prevents,  during  its  existence,  the  issue  of 
a  patent,  without  the  knowledge  of  the  Caveator, 
to  any  other  person  for  a  similar  device.  The  Cave- 
ator is  entitled  to  receive  official  notice,  during  a 
period  of  one  year,  of  any  other  petition  for  a 
patent  for  a  similar  or  interfering  invention,  filed 
during  that  time.  On  receiving  such  official  notice, 
the  Caveator  is  required  to  complete  his  own  appli- 
cation within  three  months  from  the  date  of  the 
notice. 

A  Caveat  consists  of  a  Specification,  Drawing,  Oath,  and  Petition. 
To  be  of  any  value,  these  papers  should  be  carefully  drawn  up,  and  the 
official  rules  scrupulously  complied  with.     No  model  is  required. 

The  official  fee  for  a  Caveat  is  $10,  and  we  generally  charge  $10  or  $15 
to  prepare  the  accompanying  papers  and  attend  to  the  business — mak- 
ing $20  or  $25  in  all. 
A  Caveat  runs  for  a  year,  and  can  be  extended  by  paying  $10  a  year. 
To  enable  us  to  prepare  Caveat  papers,  all  that  we  need  is  a  sketch, 
drawing,  or  photograph,  and  description  of  the  invention,  with  which 
remit  fees  as  above.     Model  not  required. 

For  further  information  concerning  Patents,  Caveats,  Design  Patents, 
Trade  Mark  Patents,  Extensions,  Appeals,  Re-issues,  Copyrights,  How 
to  Sell  Patents,  etc.,  see  Munn  &  Co.' s  Instruction  Book,  108  pages. 
Sent  free  on  application.  Address,  Munn  &  Co.,  37  Park  Row,  New- 
York,  office  of  the  Scientific  American, 


FOREIGN   PATENTS. 

American  Inventors  should  bear  in  mind 
that,  as  a  general  rule,  any  invention  that  is 
valuable  to  the  patentee  in  this  country,  is 
worth  equally  as  much  in  England  and  some 
other  foreign  countries.  Six  patents,  em- 
bracing the  leading  European  Nations,  Eng- 
lish, Ereneh,  Belgian,  Prussian,  Austrian,  and 
talian — will  secure  to  an  inventor  the  exclusive 
monopoly  to  his  discovery  among  two  hun- 
dred millions  of  the  most  intelligent  people 
in  the  world.  The  facilities  of  business  and 
steam  communication  are  such  that  patents  can  be  obtained  abroad  by 
our  citizens  almost  as  easily  as  at  home.  A  large  portion  of  all  patents 
taken  out  by  Americans  in  foreign  countries  are  obtained  through  the 
Scientific  American  Patent  Agency 

We  have  agencies  at  all  the  principal  European  seats  of  government, 
and  can  obtain  patents  wherever  they  are  granted,  with  promptness  and 
dispatch. 

It  is  generally  much  better  to  apply  for  foreign  patents  simultaneously 
with  the  application  in  this  country.  If  this  can  not  be  conveniently 
done,  as  little  time  as  possible  should  be  lost  after  the  patent  is  issued 
here,  as  the  laws  in  most  foreign  countries  hrvalidate  the  patent  if  the 
invention  is  publicly  known  prior  to  the  grant  of  a  patent. 

Models  are  rarely  required  in  any  European  country,  but  the  utmost 
care  and  experience  are  necessary  in  the  preparation  of  the  drawings 
and  specifications. 

In  order  to  prepare  the  papers  for  a  foreign  patent,  we  need  either 
the  use  of  a  model  or  a  drawing,  and  full  description  of  the  invention. 
If  the  invention  has  been  patented  here,  we  need  a  copy  of  the  Ameri- 
can specification  and  drawing. 

The  applicant  should  also  furnish  us  with  his  full  name,  including 
middle  name,  and  his  post-office  address. 

The  British  Patent  covers  England,  Wales,  Scotland,  Ireland,  and  the 
Channel  Islands,  but  not  the  colonies.  The  colonies  grant  their  own 
patents. 

There  is  no  provision  in  the  English  law  requiring  that  a  patented 
invention  shall  be  introduced  into  public  use  within  any  specified 
time. 

But  in  Erance,  Belgium,  Austria,  Italy,  Bussia,  Prussia,  and  other 
countries,  the  invention  must  be  worked  within  a  certain  period,  or  the 
patent  becomes  invalid.     The  period  for  working  is  from  one  to  two 
years  after  the  issue  of  the  patent. 
The  Austrian  patent  also  includes  Hungary. 
The  India  patent  extends  over  the  whole  of  British  India. 
A  circular,  containing  further  information  and  a  Synopsis   of   the 
Patent  Laws  of  various  countries,  will  be  furnished  free,  on  applica- 
tion to  Messrs.  Munn  <fe  Co.,  37  Park  Bow.  New-York,  by  mail  or 
otherwise. 


WHAT  25  CENTS  WILL  BUY. 


The  New  Census  and  Patent 
Laws  of  the  United  States. 


This  is  a  handsome  little  bound  volume  of 
122  pages,  neatly  illustrated,  price  only 
25  cents.  Among  its  contents  are  140  dia- 
grams of  mechanical  movements,  of  utility 
for  inventors  and  mechanics  who  desire  to 
have  before  them  the  best  methods  of  produ- 
cing given  mechanical  motions.  Tables  of 
pressures  and  temperatures  of  steam,  melt- 
ing points  of  various  substances  ;  heat-con- 
ducting powers  of  solids  and  liquids;  the 
electrical  conduction  of  various  substances ; 
description  of  the  modern  steam-engine,  with 
engravings ;  and  the  rules  to  calculate  the 
horse-power  of  steam-engines  and  streams  of 
water.    It  also  contains 


THE    COMPLETE    CENSUS 

of  the  United  States  and  Territories  showing  the  popu- 

lation of  each  County,  and  the  population  of  the  principal  Cities — 
of  great  value  to  patentees  and  inventors.     It  also  contains 

The  Complete  Patent  Laws  of  the  United  States, 

with  fall  directions  how  to  obtain  patents  for  inventions.  Design 
Patents,  Trade-mark  Patents,  Caveats,  Copyrights,  etc.  Forms 
for  Assignments  of  Patents,  Licenses,  etc.  Instructions  how  to 
obtain  Re-issues  and  Extensions  of  Patents.  Useful  instructions 
and  information  concerning  the  value  and  sale  of  Patents.  The 
law  and  practice  in  regard  to  infringements.  Directions  about 
drawings.  Official  rules  for  proceedings  at  the  Patent  Office. 
Table  of  the  official  fees  for  Patents,  Caveats,  etc.  Instructions 
in  regard  to  the  securing  of  Patents  in  various  Foreign  Countries. 

A  more  valuable  compilation  of  rare  and  useful  information,  for 
so  small  a  price,  has  seldom  been  published. 

Sent  by  mail,  prepaid,  to  any  address  on  receipt  of  25  cents. 

A  liberal  discount  to  the  trade. 


Minsrisr  &  co. 

37  JPark  How,  New-York. 

Publishers  of  the  Scientific  American. 
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THE    BIGEFORD 


THE   ORIGINAL  AND   ONLY   PEAOTIOAL  AND  EFPIOIENT 
KNITTING-MACHINE  YET  INTRODUCED. 

Sets  up  its  own  Work  and  Knits  20,000  Stitches,  or  22 
Inches   of  Perfect    Work  per  minute. 

PRICES,   FROM    $25   TO    $40. 

Its  operation  is  very  simple,  and  easily  learned  by  the  aid  of  our  New  Book 
of  Illustrated  Instructions  furnished  with  each  machine:  so  plain  and  simple 
that  even  children  easily  learn  and  operate  it.  By  the  aid  of  new  and  improved 
machinery,  and  the  experience  of  past  years,  we  have  greatly  improved  this 
machine — even  upon  the  standard  of  last  year— and  are  now  making  (he  most 
simple,  durable,  and  efficient  Knitting-Machine  in  the  world.  It  will  do  not 
only  every  kind  of  work  done  on  any  other  machine,  but  also  many  varieties  of 
work  that  can  not  be  attempted  on  any  other.  It  knits  every  thing  from  a 
watch-cord  to  a  bed-blanket  or  a  spread,  as  well  as  forming  readily  all  of  the 
most  intricate  stitches  that  can  be  made  by  hand.  It  is  thus  a  complete  Knit- 
ting and  Crocheting,  as  well  as  Circular  and  Flat-Machine  combined,  and  is 
the  most  perfect  piece  of  mechanism  in  the  world.  Any  girl  who  possesses  a 
Bickford  Knitting-Machine  can  earn  from  f  3  to  $8  per  day  ;  for  she  may  knit 
any  thing  or  every  thing  that  the  most  ingenious  lady  can  knit  or  crochet,  more 
nicely  and  easily,  in  one  hundredth  part  of  the  time.  Wool-growers  and 
farmers  only  realize  40  to  50  cents  per  pound  for  wool ;  but,  by  having  it  con- 
verted into  yarn  and  knit  into  socks  or  other  goods,  a  much  larger  profit  may 
be  obtained,  as  this  brings  the  producer  in  direct  contact  with  the  consumer. 
Let  farmers-  wives  and  daughters  throughout  the  country,  who  long  for  more 
"  pin-money,1'  think  of  this.  No  more  useful  and  entertaining  present  can  be 
made  to  a  lady  than  one  of  these  Machines.  She  will  find  it  a  never-failing 
source  of  pleasure  and  of  profit.  Every  Machine  is  warranted  to  be 
in  perfect  order,  and  to  do  Just  wJtat  is  presented 

We  now  have  every  thins:  m  the  most  complete  condition  to  manufacture 
this  Machine,  and  have  fitted  an  elegant  store  at  689  Broadway  for  headquar- 
ters, where  we  are  ready  to  furnish  Machines  at  retail  or  make  the  most  liberal 
arrangements  for  their  introduction,  for  which  we  want  agents  in  every  section 
of  the  country.    Eemember  the  place,  6 8 9  Broadway. 

DANA  BICKFORD,  Vice-President  and  General  Agent. 


THE 


SCIEMmC  AMERICAN. 


PUBLISHED    WEEKLY. 


A    SPLENDID    WORK! 


LL   SHOULD   SUBSCRIBE. 


This  paper  differs  materially  from 
other  publications,  being  an  Illus- 
trated Periodical,  devoted  to  the  pro- 
mulgation  of  the  latest  and  best  in- 
formation relating  to  the  various 
Mechanical  and  Chemical  Arts,  Pho- 
tography, Natural  History,  Manufac- 
tures, Agriculture,  Patents,  Inven- 
tions, Engineering,  Mill  Work,  etc. 

Every  number  of  The  Scientific  American  contains  sixteen 
large  pages  of  reading  matter,  illustrated  with  splendid  engrav- 
ings. 

All  the  most  valuable  discoveries  are  delineated  and  described 
in  its  issues ;  so  that,  as  respects  inventions,  it  may  be  justly  re- 
garded as  an  Illustrated  Repertory ,  where  the  inventor  may 
learn  what  has  been  done  before  him  in  the  same  field  which  he 
is  exploring,  and  where  he  may  bring  to  the  world  a  knowledge 
of  his  own  achievements. 

The  Yearly  Numbers  of  The  Scientific  American  make 
Two  Splendid  Volumes  of  nearly  One  Thousand  pages,  illustrated 
with  upwards  of  Five  Hundred  Engravings,  equivalent  in  the 
aggregate  to  Four  Thousand  Ordinary  Book  Pages. 


Published  Weekly.     For  sale  by  all  the  principal  News 
Agents.    Sent  by  mail,  $3.20  a  year. 


SPECIMEN     COPIES     GRATIS, 
Address,  M  U  N  N      &     CO., 

No.  37  Park  Row,  New- York. 
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